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PREFACE. 


This  treatise  is  not  an  epitome  of  the  "  Principles  of  Geology," 
nor  intended  as  introductory  to  that  work.  I  find  it  necessary  to 
state  this  at  once,  and  to  explain  the  different  ground  occupied  by 
the  two  publications,  because  much  confusion  has  arisen  on  the 
subject.  The  first  five  editions  of  the  "  Principles  "  comprised  a 
4th  book,  in  which  some  account  was  given  of  systematic 
geology,  and  in  which  the  principal  rocks  composing  the  earth's 
crust  and  their  organic  remains  were  described.  In  subsequent 
e^tions  this  book  was  omitted,  it  having  been  expanded,  in 
1838,  into  a  separate  treatise  called  the  '^  Elements  of  Greology," 
first  re-edited  in  1 842  and  now  again  recast  and  enlarged. 

Although  the  subjects  of  both  treatises  relate  to  geology,  as 
their  titles  imply,  their  scope  is  very  different,  the  "  Principles  ** 
containing  a  view  of  the  modem  changes  of  the  earth  and  its 
inhabitants,  while  the  '^  Manual "  relates  to  the  monuments  of 
ancient  changes.  In  separating  the  one  from  the  other,  I  have 
endeavoured  to  render  each  complete  in  itself,  and  independent ; 
but  if  asked  by  a  student  which  he  should  read  first,  I  would 
recommend  him  to  begin  with  the  '^  Principles,"  as  he  may  then 
proceed  from  the  known  to  the  unknown,  and  be  provided  before- 
hand with  a  key  for  interpreting  the  ancient  phenomena  whether 
of  the  organic  or  inorganic  world,  by  reference  to  changes  now 
in  progress. 

Owing  to  the  former  incorporation  of  the  two  subjects  in  one 
work,  and  the  supposed  identity  of  their  subject  matter,  it  may  be 
useful  to  give  here  a  brief  abstract  of  the  contents  of  the 
"  Principles,"  for  the  sake  of  comparison. 

Abstract  of  the  "  Principles  of  Geology ^^  Eighth  Edition. 

Book  L 

1.  Historical  sketch  of  the  earljr  progress  of  geology,  chaps.  L  to  iv. 

2.  Circiunstances  which  combined  to  make  the  first  cultivators  of  the 

science  regard  the  former  course  of  nature  as  different  from  the 
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present,  and  the  former  chancres  of  the  earth's  surface  as  the  effects  of 
agents  different  in  kind  and  degree  from  those  now  acting,  chap.  v. 

3.  Whether  the  former  yariations  m  climate  established  by  geology  are 

explicable  bj  reference  to  existing  causes,  chaps,  vi.  to  viii. 

4.  Theory  of  the  progressiye  development  of  organic  life  in  former  ages, 

and  the  introduction  of  man  into  the  earth,  chap.  ix. 

5.  Supposed  former  intensity  of  aqueous  and  igneous  causes  considered, 

chaps.  X.  and  xi. 

6.  How  far  the  older  rocks  diflbr  in  texture  from  those  now  forming, 

chap.  xii. 

7.  Supposed  alternate  periods  of  repose  and  disorder,  chap.  xiii. 

BookII. 
charom  sow  n  pbogrbs8  ts  thb  maboanic  world. 

8.  A^eous  causes  now  in  action:  Floods — Rivers  —  Carrying  power  of 

ice — Springs  and  their  deposits — Deltas — Waste  of  cuffs  and  strata 
produced  by  maru^e  currents :  chaps,  xiv.  to  xxii. 

9.  Permanent  effects  of  isneous  causes  now  in  operation :  Active  volcanos 

•ad  earthquakes — ueir  effects  and  causes :  chaps,  xxiii.  to  xxxiii. 

fiooKin. 

CBAKG£8  or  THB  OBGANIC  WORLD  NOW  TK  PROGRESS. 

10.  Doctrine  of  the  transmutation  of  species  controverted,  chaps,  xxxiv. 

and  XXXV. 

11.  Whether  species  have  a  real  existence  in  nature,  chaps,  xxxvi.  and 

XXX  vii. 

12.  Laws  which  regulate  the  geographical  distribution  of  species,  chaps. 

xxxviii.  to  xl. 

13.  Creation  and  extinction  of  species,  chaps,  xli.  to  xliv. 

14.  Imbedding  of  organic  bodies,  including  the  remains  of  man  and  his 

works,  m  strata  now  forming,  chaps,  xrr.  to  1. 

15.  Formation  of  coral  reefs,  chap.  IL 

It  will  be  seen  on  comparing  this  analysis  of  the  contents  of 
the  *^  Principles  "  with  the  headings  of  the  chapters  in  the  next 
nine  pages  which  follow,  that  the  two  treatises  have  but  little  in 
common;  or,  to  repeat  what  I  have  said  in  the  Preface  to  the 
8th  edition  of  the  ^^Prindplesj"  they  have  the  same  kind  of  con- 
nection which  Chemistry  bears  to  Natural  Philosophy,  each 
being  subsidiary  to  the  other,  and  yet  admitting  of  being  con<- 
sidered  as  different  departments  of  science.* 

Charles  Ltell. 

11.  Harley  Street^  London^  Janmary  !•  1S51. 

^  As  it  is  impoBsiUe  to  enable  the  reader  to  recognise  rocks  and  minerals  at 
sight  hj  aid  of  verbal  descriptions  or  figures^  he  will  do  well  to  obtain  a  well-arranged 
collection  of  6peciBwn%  saeh  as  mav  be  procured  from  Mr.  Tennant  (149.  Strand), 
teacher  of  Mineralogy  at  King's  College,  Londcm. 


CONTENTS. 


CHAPTER  L 

ON  THE  DIF7ERENT  0LAME8  OF  BOCKS. 

Geology  defined — Sacccssiye  formation  of  the  earth's  crust — Classification  of  rockfl 
according  to  their  orig^  and  age — Aqoeoos  rocks — Their  stratification  and  im- 
bedded fossils — Volcanic  rocks,  with  and  without  cones  and  craters — Plutonic 
rocks,  and  their  relation  to  the  volcanic — Metamorphic  rocks  and  their  probable 
origin — The  tann  primitive,  why  erroneously  applied  to  the  crystalline  formations 
—Leading  division  of  the  work  •  •  •  .  .  Page  1 

CHAPTER  n. 

AQUEOUS  BOCKS — THEIB  C0MP08ITI0M  AKD  FOBM8  OF  STBATIFIGATION. 

Mineral  composition  of  strata — Arenaceous  rocks — Argillaceous — Calcareous — 
Gypsum — Forms  of  stratification — Original  horizontality — thinning  out — Dia- 
gonal arrangement — Ripple  mark  -  -  •  -  -10 

CHAPTER  m. 

JLBBANGBXENT  OF  FOSSILS  IN  STEATA — FBESHWATBE  AND  MABINB. 

Successive  deposition  indicated  by  fossils — Limestones  formed  of  corals  and  shells 
— Proois  of  gradual  increase  of  strata  derived  from  fossils — Serpula  attached  to 
spatangus — Wood  bored  by  teredina — Tripoli  and  semi-opal  formed  of  infusoria 
— Chalk  derived  principally  from  organic  bodies — Distinction  of  fi^shwater  from 
marine  formations — Genera  of  freshwater  and  land  shells — Rules  for  recognizing 
marine  testacea — Gyrogonite  and  chara — Freshwater  fishes — Alternation  of 
marine  and  freshwater  deposits — Lym-Fiord  .... 

CHAPTER  IV. 

OONSOUBATION  OF  STBATA  AND  FBTBIFACTION  OF  FOSSILS. 

Chemical  and  mechanical  deposits — Cementing  together  of  particles— Hardening 
by  exposure  to  air — Concretionaiy  nodules — Consolidating  effects  of  pressure— 
Sfineralization  of  organic  remains — Impressions  and  casts  how  formed — Fossil 
wood — Goppert's  experiments — Precipitation  of  stony  matter  most  rapid  where 
putrefaction  is  going  on — Source  of  lime  in  solution — Silex  derived  from  de- 
composition of  felspar — Proofs  of  the  lapidification  of  some  fossils  soon  after 
burial,  of  others  when  much  decayed  -  -  -  -  -    33 

A  4 


vw 


CONTENTS. 
CHAPTER  V. 

|i(|kV4f4MN  MV  iTHATA  ASOVB   THB  SEA  —  HOBIZOHTAL  AND  INCLINED 

STRATinCATION. 

W|(^  M<M  |iM»lUfiU  of  murine  itrata,  aboye  the  level  of  the  sea,  should  be  referred  to 
M(M  iMiiitf  M|>  (»f  tbe  land,  not  to  the  going  down  of  the  sea — Uphearal  of  exten- 
Hl^M  ummtn  uf  horizontal  strata — Inclined  and  vertical  stratification — Anticlinal 
IHI'I  syiM'linal  lines — Bent  strata  in  east  of  Scothmd — Theoiy  of  folding  by 
\M4tfnl  movement — Creeps — Dip  and  strike — Stmctore  of  the  Jura — Various 
fuflWt  of  outcrop — Rocks  broken  by  flexure — Inverted  position  of  disturbed 
^l^t^  —  Unconformable  stratification  —  Hutton  and  Fla)riiur  on  the  same  — 
iffHUurtiM  of  strata — Polished  surfaces — Faults — Appearance  of  repeated  alter- 
iiaiious  produced  by  them — Origin  of  great  faults       -  -  -  Page  44 

CHAPTER  VL 

DENT7DATI0N. 

Jliimdatlim  defined — Its  amount  equal  to  the  entire  mass  of  stratified  deposits  in 
tim  earth's  crust — Horizontal  sandstone  denuded  in  Ross-shire — ^Levelled  surface 
of  countries  in  which  great  faults  occur — Coalbrook  Dale — Denuding  power  of 
the  ocean  during  the  emergence  of  land — Origin  of  valleys — Obliteration  of  sea- 
cUflb — Inland  sea-clifis  and  terraces  in  the  Morea  and  Sicily — Limestone  pillars 
at  St  Mihiel,  in  France — in  Canada — in  the  Bermudas     -  •  -    66 

CHAPTER  Vn. 

ALLUYIUIC. 

Alluvium  described — Due  to  complicated  causes — Of  various  ages,  as  shown  in 
Anvergne — How  distinguished  from  rocks  in  situ — River-terraces — Parallel 
roads  of  Glen  Roy — Various  theories  respecting  their  origin  -  -    79 

CHAPTER  VIIL 

GHHONOLOOIGAL  CLAB8IFIGATI0N  OF  BOCKa. 

Aqueous,  plutonic,  volcanic,  and  metamorphic  rocks,  considered  chronologically — 
Lehman's  division  into  primitive  and  secondary — Werner's  addition  of  a  tran- 
sition class — Neptunian  theory — Hutton  on  igneous  origin  of  granite — How 
the  name  of  primary  was  still  retained  for  granite — The  term  *'  transition,"  why 
faulty — The  adherence  to  the  old  chronological  nomenclature  retarded  the 
progress  of  geology — New  hypothesis  invented  to  reconcile  the  igneous  origin 
of  granite  to  the  notion  of  its  high  antiquity — Explanation  of  the  chronological 
nomenclature  adopted  in  this  work,  so  fiur  as  r^ards  primary,  secondary,  and 
tertiary  periods      -  -  -  -  -  -  -  -89 

CHAPTER  rX. 

ON  THB  DUTEBENT  AGES  OF  THB  AQUEOUS  BOCKS. 

On  the  three  principal  tests  of  relative  age — superposition,  mineral  character,  and 
fossils — Change  of  mineral  character  and  fossils  in  the  same  continuous  forma- 
tion— Proofs  that  distinct  species  of  animals  and  plants  have  lived  at  successive 
periods  —  Distinct  provinces  of  indigenous  species — Great  extent  of  single  pro- 
vinces—  Similar  laws  prevailed  at  successive  geological  periods—  Relative 
importance  of  mineral  and  palssontological  characters — Test  of  age  by  included 
firagments — FVequent  absence  of  strata  of  intervening  periods — Principal  groups 
of  strata  in  western  Europe  -  -  -  -  -  •    96 


CONTENTS.  IX 

CHAPTER  X 

CLAS8IF1CATIOX  OF  TBHTIABT  FO&MATIOMB. — F06T-PLIOGE2fE  OBOUP. 

General  principles  of  classification  of  terdaiy  strata — Detached  formations  scattered 
over  Europe — Strata  of  Paris  and  London — More  modem  groups — Peculiar 
di£Sculties  in  determining  the  chronology  of  tertiary  formations — Increasing 
proportion  of  living  species  of  shells  in  strata  of  newer  origin — Terms  Eocene, 
Miocene,  and  Pliocene — Post-Pliocene  strata — Becent  or  human  period — Older 
Post-Pliocene  formations  of  Naples,  Uddevalla,  and  Norway — Ancient  upraised 
delta  of  the  Mississippi — Loess  of  the  Bhine  •  -  -  Pago  104 

CHAPTER  XL 

MEWEB  FLIOCEKE  PERIOD. —  BOULDEB  FOBHATION. 

Drift  of  Scandinayia,  northern  Oermany,  and  Russia — Its  northern  origin — Not  all 
of  the  same  age — Fundamental  rocks  polished,  grooved,  and  scratched  — Action 
of  glaciers  and  icebergs — Possil  shells  of  glacial  period — Drift  of  eastern  Nor- 
folk— Associated  freshwater  deposit — Bent  and  folded  strata  lying  on  undisturbed 
beds — Shells  on  Moel  Tryfane — Ancient  glaciers  of  North  Wales — Irish  drift 

121 

CHAPTEB  Xn. 
BOULDEB  FOBMATION  —  Continued, 

Difficulty  of  interpreting  the  phenomena  of  drift  before  the  glacial  hypothesis  was 
adopted — Effects  of  intense  cold  in  augmenting  the  quantity  of  alluvium — 
Analogy  of  erratics  and  scored  rocks  in  North  America  and  Europe — Bayfield 
on  shells  in  drift  of  Canada —  Great  subsidence  and  re-elevation  of  laud  from  the 
sea,  required  to  account  for  glacial  appearances — Why  organic  remains  so  rare 
in  northern  drift — Mastodon  giganteus  in  United  States — Many  shells  and 
some  quadrupeds  survived  the  glacial  cold — Alps  an  independent  centre  of 
dispersion  of  erratics — Alpine  blocks  on  the  Jura — Becent  transportation  of 
erratics  from  the  Andes  to  Chiloe — Meteorite  in  Asiatic  drift  -  -  131 

CHAPTEB  XIIL 

MEWEB  PLIOCENE  8TBATA  AND  CAYEEN  DEPOSITS. 

Chronological  classification  of  Pleistocene  formations,  why  difficult — Freshwater 
deposits  in  valley  of  Thames — In  Norfolk  cliffs — In  Patagonia— Comparative 
longevity  of  species  in  the  mammalia  and  testacea — Fluvio-marine  crag  of 
Norwich — Newer  Pliocene  strata  of  Sicily — Limestone  of  great  thickness  and 
elevation — Alternation  of  marine  and  volcanic  formations  —  Proofs  of  slow 
accumulation — Great  geographical  changes  in  Sicily  since  the  living  fauna  and 
flora  began  to  exist — Osseous  breccias  and  cavern  deposits — Sicily — Kirkdale— 
Origin  of  stalactite — Australian  cave-breccias — Geographical  relationship  of  the 
provinces  of  living  vertebrata  and  those  of  the  fossil  species  of  the  Pliocene 
periods — Extinct  struthious  birds  of  New  Zealand —  Teeth  of  fossil  quadrupeds. 

146 

CHAPTEB  XIV. 

OLDEB  PLIOCENE  AND  MIOCENE  FOEMATION8. 

Strata  of  Suffolk  termed  Bed  and  Coralline  crag — Fossils,  and  proportion  of  recent 
species  —  Depth  of  sea  and  climate — Beference  of  Suffolk  crag  to  the  older 
Pliocene  period  —  Migration  of  many  species  of  shells  southwards  during  the 
glacial  period — Fossil  whales — Subapcnnine  beds — Asti,  Sienna,  Bome — Mio- 
cene formations — Faluns  of  Touraine — Depth  of  sea  and  littoral  character  of 
fauna — Tropical  climate  implied  by  the  testacea — Proportion  of  recent  species  of 


X  CONTENTS. 

shells — Falans  more  ancient  than  the  Suffolk  crag — Miocene  strata  of  Bordeaux 

and  Piedmont — Molasse  of  Switzerland — Tertiary  strata  of  Lisbon — Older 

Pliocene  and  Miocene  formations  in  the  United  States—  Sewalik  Hills  in  India. 

Page  161 

CHAPTER  XV, 

T7FPER  EOCENE  FORMATIONS. 

Eocene  areas  in  England  and  France — Tabular  view  of  Frendi  Eocene  strata — 
Upper  Eocene  group  of  the  Paris  basin — Same  beds  in  Belgium  and  at  Berlin— 
M&yence  tertiary  strata — Freshwater  upper  Eocene  of  Central  France — Series  of 
geographical  changes  since  the  land  emerged  in  Auvergne — Mineral  character 
an  uncertain  test  of  age — Marls  containing  Cypris — Oolite  of  Eocene  period — 
Indusial  limestone  and  its  origin — Fossil  mammalia  of  the  upper  Eocene  strata 
in  AuTcrgne — Freshwater  strata  of  the  Cantal,  calcareous  and  siliceous — Its 
resemblance  to  chalk — Proofs  of  gradual  deposition  of  strata  •  -  174 

CHAPTER  XVL 

EOOENE  FOBMATIONS  —  COHtlHUeiL 

Subdivisions  of  the  Eocene  group  in  the  Paris  basin — Gypseous  series — Extinct 
quadrupeds  —  Impulse  given  to  geology  by  Cuvier's  osteological  discoveries  — 
Shelly  sands  called  sables  moyens  —  Calcaire  grossier — Miliolites  —  Calcaire 
siliceux — Lower  Eocene  in  France — lits  coquilliers — Sands  and  plastic  clay — 
English  Eocene  strata — Freshwater  and  fluvio-marine  beds — Barton  beds— 
Bagshot  and  Bracklesham  division — Large  ophidians  and  sanrians — Lower 
Eocene  and  London  Clay  proper — Fossil  plants  and  shells — Strata  of  Kyson  in 
Suffolk — Fossil  monkey  and  opossum — Mottled  days  and  sands  below  London 
Clay — Nummulitic  formation  of  Alps  and  Pyrenees — Its  wide  geographical 
extmt — Eocene  strata  in  the  United  States — Section  at  Claiborne,  Alabama — 
Colossal  cetacean — Orbitoid  limestone — Burr  stone  ...  190 

CHAPTER  XVn. 

GBETACBOU8  OROUP. 

Divisions  of  the  cretaceous  series  in  North- Western  Europe — Upper  cretaceous 
strata —Maestricht  beds — Chalk  of  Faxoe — White  chalk — Characteristic  fossils 
— Extinct  cephalopoda — Sponges  and  corals  of  the  chalk — Signs  of  open  and 
deep  sea — Wide  area  of  white  chalk — Its  origin  from  corals  and  shells  —  Single 
pebbles  in  chalk — Siliceous  sandstone  in  Germany  contemporaneous  with  white 
chalk — Upper  greensand  and  gault — Lower  cretaceous  strata — Atherfield  sec- 
tion. Isle  of  Wight — Chalk  of  South  of  Europe— Hippurite  limestone — Cre- 
taceous Flora— Chalk  of  United  States      -  -  -  -  -209 

CHAPTER  XVm. 

WEALDBN  OROUP. 

The  Wealden  divisible  into  Weald  Clay,  Hastings  Sand,  and  Purbeck  Beds— In- 
tercalated between  two  marine  formations — Weald  clay  and  Cypris-bearing 
strata — Iguanodon — Hastings  sands — Fossil  fish  — Strata  formed  in  shallow 
water — Brackish-water  beds — Upper,  middle,  and  lower  Purbeck — Alternations 
of  brackish  water,  freshwater,  and  land — Dirt-bed,  or  ancient  soil — Distinct 
species  of  fossils  in  each  subdivision  of  the  Wealden — Lapse  of  time  implied— 
Plants  and  insects  of  Wealden  —  Geographical  extent  of  Wealden — Its  relation 
to  the  cretaceous  and  oolitic  periods — Movements  in  the  earth's  crust  to  which  it 
owed  its  origin  and  submergence    ------  225 


CONTENTS*  XI 

CHAPTER  XIX. 

DENUDATION  OF  THE  CHALK  AND  WEALDEN. 

Physical  geography  of  certain  districts  composed  of  Cretaceoas  and  Wealden  strata 
— Lines  of  inland  chalk-cliffs  on  the  Seine  in  Normandy — Outstanding  pillars 
and  needles  of  chalk — Denudation  of  the  chalk  and  Wealden  in  Surrey,  Kent^ 
and  Sussex — Chalk  once  continuous  firom  the  North  to  the  South  Downs — 
Anticlinal  axis  and  parallel  ridges — Longitudinal  and  transverse  valleys — Chalk 
escarpments — Rise  and  denudation  of  the  strata  g^radual — Ridges  formed  by 
harder,  valleys  by  softer  beds  —  Why  no  alluvium,  or  wreck  of  the  chalk,  in  tha 
central  district  of  the  Weald — At  what  periods  the  Weald  valley  was  denuded — 
lAnd  has  most  prevailed  where  denudation  has  been  greatest — Elephant  bed, 
Brighton Page  23S 

CHAPTER  XX. 

OOLITE  AND  LIAS. 

Subdivisions  of  the  Oolitic  or  Jurassic  group  — Physical  geography  of  the  Oolite  in 
England  and  France — Upper  Oolite — Portland  stone  and  fossils — Lithographic 
stone  of  Solenhofen — Middle  Oolite,  coral  rag — Zoophytes — Nerinsean  limestone 
— Diceras  limestone — Oxford  clay.  Ammonites  and  Bdemnites — Lower  Oolite, 
Crinoideans — Great  Oolite  and  Bradford  clay  —  Stonesfield  slate  —  Fossil 
mammalia,  placental  and  marsupial — Resemblance  to  an  Australian  faunar^ 
Doctrine  of  progressive  development — CoUyweston  slates — Yorkshire  Oolitic 
coal-field — Brora  coal— Inferior  Oolite  and  fossils  -  •  -  257 

CHAPTER  XXL 

OOLITB  AND  LiAB — Continued, 

Mineral  character  of.  Lias — Name  of  Giyphite  limestone — Fossil  shells  and  fish — 
Ichthyodorulites — Reptiles  of  the  Lias — Ichthyosanr  and  Plesiosaur — Marine 
Reptile  of  the  Galapagos  Islands  —  Sudden  destruction  and  burial  of  fossil 
animals  in  Lias — Fluvio-marine  beds  in  Gloucestershire  and  insect  limestone—- 
Origin  of  the  Oolite  and  Lias,  and  of  alternating  calcareous  and  aigillaceoaa 
formations — Oolitic  coal-field  of  Virginia,  in  the  United  States       -  -  273 

CHAPTER  XXIL 

TBIA8  OB  NEW  RED  SANDSTONE  OROUP. 

Distinction  between  New  and  Old  Red  Sandstone  —  Between  Upper  and  Lower 
New  Red — The  Trias  and  its  three  divisions — Most  largely  developed  in  Ger- 
many— Eeuper  and  its  fossils  —  Muschelkalk — Fossil  plants  of  Bunter — Tri- 
assic  group  in  England — Bone-bed  of  Axmouth  and  Aust — Red  Sandstone  of 
Warwickshire  and  Cheshire — Footsteps  of  Chirotherium  in  England  and  Germany 
^Osteology  of  the  Labyrinthodon — Identification  of  this  Batrachian  with  the 
Chirotherium — Origin  of  Red  Sandstone  and  Rock-salt — Hypothesis  of  saline 
Tolcanic  exhalations — Theory  of  the  precipitation  of  salt  from  inland  lakes  or 
lagoons — Saltness  of  the  Red  Sea — New  Red  Sandstone  in  the  United  States — 
Fossil  footprints  of  birds  and  reptiles  in  the  Valley  of  the  Connecticut—  Antiquity 
of  the  Red  Sandstone  ccmtaining  them        .  .  -  •  -  286 

CHAPTER  XXHL 

PERMIAN  OR  MAGNESIAN  LIMESTONE   GROUP. 

Fossils  of  Magnesian  Limestone  and  Lower  New  Red  distinct  firom  the  Triassic — 
Term  Permian  —  English  and  German  equivalents — Marine  shells  and  corals  of 


Xii  COKTEKTS. 

Englbh  Ka||;nenaii  limestone — Falaoniflcns  and  other  fish  of  the  marl  slate— 
Thoc/xlont  Saurians  of  dolomitic  conglomerate  of  Bristol — Zechstein  and  BotUie- 
gendcf  of  Thnringia — Permian  Flora — Its  generic  affinity  to  the  carbonifeioas 
^'riaronites  or  tree-ferns      ......  Page  301 

CHAPTER  XXIV. 

THB  GOAL  OB  GARBON1FEBOU8  QBOUP. 

CaHxmiferons  strata  in  the  south-west  of  England — Superposition  of  Coal-measures 
Uf  M^mntain  limestone  —  Departure  from  this  type  in  North  of  England  and 
HfvAland — Section  in  South  Wales — Underclays  with  Stigmaria — Carboniferous 
yUfrm — Ferns,  I^epidodcndra,  Calamitcs,  Asterophyllites,  SigillarisB,  Stigmarise, 
«— O^nifene  —  Endogcns  —  Absence  of  Exogens  —  Coal,  how  formed  —  Erect 
foiMil  trees  —  Parkfleld  Colliery — St.  Etienne,  Coal-field — Oblique  trees  or  snaga 
—  FfMsil  AiTosts  in  Nova  Scotia — Brackish  water  and  marine  strata — Origin  of 
Clay-irun-itono      -.----.-  308 

« 
CHAPTER  XXV. 

CARBONIFEBOUS  OBOUP — Continued, 

Om^'MiU  of  the  United  States — Section  of  the  country  between  the  Athmtic  and 
MiMiiiMippi — J'osition  of  land  in  the  carboniferous  period  eastward  of  the  Al- 
leglianiev — Mechanically  formed  rocks  thinning  out  westward,  and  limestones 
thickening — Uniting  of  many  coal-seams  into  one  thick  one — Horizontal  coal 
at  Brownsville,  Pennsylvania — Vast  extent  and  continuity  of  single  seams  of 
coal — Ancient  river-channel  in  Forest  of  Dean  coal-field — Absence  of  earthy 
matter  in  coal — Climate  of  carboniferous  period — Insects  in  coal — Rarity  of 
air-liroathing  animals — Great  number  of  fossil  fish  —  First  discovciy  of  the 
skeletons  of  fossil  reptiles — Footprints  of  reptilians  —  Mountain  limestone — 
Its  corals  and  marine  shells  ......  326 

CHAPTER  XXVL 

OLD  BED  SANDSTONB,  OB  DEY0NL4N  OBOCP. 

Old  Red  Sandstone  of  Scotland,  and  borders  of  Wales — Fossils  usually  rare — "  Old 
Red"  in  Forfarshire — Ichthyolites  of  Caithness — Distinct  lithological  type  of  Old 
Red  in  Devon  and  Cornwall — Term  "Devonian" — Organic  remains  of  intermediate 
character  between  those  of  the  Carboniferous  and  Silurian  systems — Corals  and 
shells —  Devonian  strata  of  Westphalia,  the  Eifel,  Russia,  and  the  United  States 
— Coral  reef  at  Falls  of  the  Ohio — Devonian  flora  -  -  -342 

CHAPTER  XXVn. 

SILUBLIK  OBOUP. 

Silurian  strata  formerly  called  transition —  Term  grauwacke  —  Subdivisions  of  Upper 
and  Lower  Silurian  —  Ludlow  formation  and  fossils — Wenlock  formation, 
corals  and  shells — Caradoc  and  Llandeilo  beds  —  Graptolites — Lingula — Tri- 
lobites — CystidesB — Vast  thickness  of  Silurian  strata  in  North  Wales — Uncon- 
formability  of  Caradoc  sandstone — Silurian  strata  of  the  United  States — Amount 
of  specific  agreement  of  fossils  with  those  of  Europe — Great  number  of  brachio- 
pods — Deep-sea  origin  of  Silurian  strata — Absence  of  fluviatile  formations  — 
Mineral  chiuracter  of  the  most  ancient  fossiliferous  rocks      ...  350 


CONTENTS.  XIU 

CHAPTER  XXVra. 

YOLOANIC  BOCKfl. 

IVap  rocks — Name,  whence  derived — Their  igneous  origin  at  first  donhted — Their 
general  appearance  and  character — Volcanic  cones  and  craters,  how  formed — 
Mineral  composition  and  texture  of  volcanic  rocks — Varieties  of  felspar— 
Homhlende  and  angite — Isomorphism — Rocks,  how  to  he  studied — Basalt, 
greenstone,  trachyte,  porphjiy,  scoria,  amygdaloid,  lava,  tuff — Alphabetical  list, 
and  explanation  of  names  and  STnonjms,  of  volcanic  rocks — Table  of  the  analyses 
of  minerals  most  abundant  in  the  volcanic  and  hypogene  rocks  -  Page  366 

CHAPTER  XXIX. 

YOLGAHIO  B0GK8  —  COHtmued, 

Trap  dike — sometimes  project — sometimes  leave  fissures  vacant  by  decomposition 
— Branches  and  veins  of  trap — Dikes  more  crystalline  in  the  centre — Foreign 
fragments  of  rock  imbedded — Strata  altered  at  or  near  the  contact — Obliteration 
of  organic  remains — Conversion  of  chalk  into  marble — and  of  coal  into  coke — 
Inequality  in  the  modifying  influence  of  dikes — 'Trap  interposed  between  strata — 
Columnar  and  globular  structure — Relation  of  trappean  rocks  to  the  products  of 
active  volcanos — Sub-marine  lava  and  ejected  matter  corresponds  generally  to 
ancient  trap — Structure  and  physical  features  of  Palma  and  some  other  extinct 
volcanos    ---------  378 

CHAPTER  XXX. 

ON  THB  DIFFKRXNT  AGES  OF  THB  YOLCARIO  BOCIKS. 

Tests  of  relative  age  of  voleanic  rocks  —  Test  by  superposition  and  intrusion — Dike 
of  Qnarrington  Hill,  Durham — Test  by  alteration  of  rocks  in  contact —  Test  by 
organic  remains — Test  of  age  by  mineral  character — Test  by  included  fragments 
— ^Volcanic  rocks  of  the  Post-Pliocene  period — Basalt  of  Bay  of  Trczza  in  Sicily — 
Post-Pliocene  volcanic  rocks  near  Naples —  Dikes  of  Somma — Igneous  formations 
of  the  Newer  Pliocene  period — Val  di  Noto  in  Sicily  -  .  -  397 

CHAPTER  XXXI. 

ON  TUB  DIFFEBENT  AOE8  OF  THE  TOLCANIC  ttOCKB^-COtUiHtied, 

Volcanic  rocks  of  the  Older  Pliocene  period — Tuscany — Rome — Volcanic  region 
of  Olot  in  Catalonia — Cones  and  lava-currents — Ravines  and  ancient  gravel-beds 
— Jets  of  air  called  Bnfadors — Age  of  the  Catalonian  volcanos — Miocene  period 
—Brown-coal  of  the  Eifel  and  contemporaneous  trachytic  breccias — Age  of  the 
brown-coal — Peculiar  characters  of  the  volcanos  of  the  upper  and  lower  Eifel — 
Lake  craters — ^^Trass — Hungarian  volcanos  -  -  .  -408 

CHAPTER  XXXII. 

ON  THE  DIFFEBENT  AQE8  OF  THE  VOLCANIC  BOCKS — Continued, 

Volcanic  rocks  of  the  Pliocene  and  Miocene  periods  continued — Auvergne — Mont 
Dor — Breccias  and  alluviums  of  Mont  Perrier,with  bones  of  quadrupeds — River 
dammed  up  by  lava-current — Range  of  minor  cones  from  Auvergne  to  the 
Vivarais — Monts  Dome — Puy  de  Come — Puy  de  Pariou — Cones  not  denuded 
by  general  flood — Velay — Bones  of  quadrupeds  buried  in  scorioj — Cantal — 
Eocene  volcanic  rocks — Tuffs  near  Clermont — Hill  of  Grergovia — Trap  of 
Cretaceous  period  —  Oolitic  period — New  Red  Sandstone  period — Carboniferous 
period — Old  Red  Sandstone  period — **  Rock  and  Spindle**  near  St.  Andrew*s — 
Silurian  period  —  Cambrian  volcanic  rocks  .  -  -  .  422 


XIT  CONTENTS. 


CHAPTER  XXXllL 

nXTOMIC   ROCKS  —  ORANTTB. 

OtntftX  aipeet  of  (penile — necomposing  into  spherical  masses — Bode  eolmmiar 
tUwinn —  Analofpr  and  dtflerence  of  volcanic  and  plutonic  formatioiif — Ml«^r%]tt 
iiigrioli«,  mUi  thdr  amn^^ement— Oraphic  and  porpbyritic  granite — Mntoal 
yimtdUfii$iM\  id  trytUdM  *d  quartz  and  felspar — Ooeasional  minerals — Syenite -» 
jij^onkk,  Udt/mt,  and  mrhuiiy  granites — Enrite — Passage  of  granite  into  trap — 
ILiuuu^Am  wmr  Cbristiaiila  and  in  Aberdeenshire — Analogy  in  composition  of 
UmihyU  and  granite — Oranke  reins  in  Glen  Tilt,  Cornwall,  the  Valorsine,  and 
4Mh^  etmttuUm  -  IliifcnrrK  c^mifi'jsiti'm'  of  veins  from  main  body  of  grange — 
M^dUJUberijim  r«»»s  in  strata  fiear  their  junction  with  granite — ^Apparent  isolation 
</iKi4ulk3ft  4/  graitic« — i-l^iuit  veins — Whether  plutonic  rocks  are  ever  overlying 
.^'l%Ar  lex^tMum  ai  tlie  mrfiwjt  due  to  denudation    -  •  -  Puge  436 

ClfAITER  XXXrV. 

Otf  rUK  MWWKUUUr  AQWM  OW  tub  PLCTOMIO  R0CX8. 

l/ifficuity  iu  asc49itaiuiiig  cIm;  \trti'iim  age  of  a  plutonic  rock — Test  of  age  by  relative 
yjnitMfu — T*M  by  intrtMfm  and  alteration —Test  by  mineral  composition — 
'f*M  hy  iutiuded  fragiiiAints  —  Iter^'Ut  and  I'lioccno  plutonic  rocks,  why  invisible 
— T^'jtiujry  i^ttumk  r*M'kM  in  the  Andes  — Granite  altering  Cretaceous  rocks — 
<^riuiiie  iilUinni^  lias  in  tlui  Al|Nt  and  In  Hkye — Granite  of  Dartmoor  altering 
i'AuiMiiiurtjm  sUaia — Granite  of  tlie  Old  Red  sandstone  period — Syenite  altering 
bUuriaii  «tr«ia  in  Vtfrwuy — RU^ndlng  of  the  same  with  gneiss — Most  ancient 
pLtAJtAMsk  r'Aiuf--  Granite  fmArudetl  in  a  solid  form — On  the  probable  age  of  the 
l^aukus  tA  Arfmi,  in  HciXUnd         ......  449 

CIIAITER  XXXV. 

MBTAMORPIIIC   ROCK8. 

<i«w«r«l  A'lMra^^ier  lA  matam'>ri>hir  rf)cks — Gneiss — Hornblende-schist — Mica-schist 
— Clay ndatv — Quartsite  -^  Chlorite-schist  —  Metamorphic  limestone —  Alphabe- 
Il4'al  IM  and  explanatUm  of  other  rocks  of  this  family — Origin  of  the  metamorphic 
strwia — 'ViuAr  stratification  is  real  and  distinct  from  cleavage — Joints  and 
slaty  <;l«avage— Hu|fposed  causes  of  these  structures — how  fiur  connected  with 
oryfetalliua  action  .......  453 

CHAPTER  XXXVL 
MST AMORPHIC  ROCKS — Continued, 

Strata  near  some  intrusive  masses  of  g^nite  converted  into  rocks  identical  with 
different  members  of  the  metamorphic  series — Arguments  hence  derived  as  to  the 
nature  of  plutonic  action — Time  may  enable  this  action  to  pervade  denser 
masses  —  From  what  kinds  of  sedimentary  rock  each  variety  of  the  metamorphic 
class  may  be  derived — Certain  objections  to  the  metamorphic  theoiy  considered 
—  Lamination  of  trach3rte  and  obsidian  due  to  motion — Whether  some  kinds  of 
gneiss  have  become  schistose  by  a  similar  action     ....  473 

CHAPTER  XXXVn. 

ON  THE  DnrFBRENT  AGES  OF  THE  METAlfORPHIC  ROCKS. 

Age  of  each  set  of  metamorphic  strata  twofold  —  Test  of  age  by  fossils  and  mineral 
character  not  available — Test  by  superposition  ambiguous  —  Converrion  of  dense 
masses  of  fossiliferous  strata  into  metamorphic  rocks — Limestone  and  diale  of 
Carrara— Metamorphic  ftrata  of  modem  periods  in  the  Alps  of  Switzerland  and 


CONTENTS.  XV 

Savoy — Why  the  Tisible  crystalline  strata  are  none  of  them  yery  modern — Order 
of  saccession  in  mctamorphic  rocks  —  Uniformity  of  mineral  character — Why  the 
metamorphic  strata  are  less  calcareous  than  the  fossiliferous    -  -  Page  481 

CHAPTEB  XXXVm. 

MINEBAL  TEIN8. 

Werner's  doctrine  that  mineral  veins  were  fissures  filled  from  above — Veins  of  segre- 
gation —  Ordinary  metalliferous  veins  or  lodes  —  Their  frequent  coincidence  with 
fiiults — Proofs  that  they  originated  in  fissures  in  solid  rock — Veins  shifting  other 
veins — Polishing  of  their  walls — Shells  and  pebbles  in  lodes — Evidence  of  the 
successive  enlargement  and  re-opening  of  veins — Foumet*s  observations  in  Au- 
vergne — Dimensions  of  veins — Why  some  alternately  swell  out  and  contract-^ 
illling  of  lodes  by  sublimation  from  below — Chemical  and  electrical  action — 
Belative  age  of  the  precious  metals — Copper  and  lead  veins  in  Ireland  older  thaa 
Cornish  tin — Lead  vein  in  lias,  Glamorganshire — Grold  in  Bossia — Connection 
of  hot  springs  and  mineral  veins — Concluding  rcmariu       -  -  -489 


Dates  of  the  successive  Editions  of  the  "  Principles  "  and  "  Elements  ** 

(or  Manual)  of  Geoloffy^  by  the  Author, 

Principles,  1st  voL  in  octavo,  published  in     -            -            -            -  Jan.  1830. 

,  2d  vol      do.       -----            -  Jan.  1832. 

,  Ist  voL  2d  edition  in  octavo          -           -            .           -  1832. 

,  2d  voL  2d  edition      do.  -            -            -            -            -  Jan.  1833. 

,  3d  vol  1st  edition      do.  -            -            -           -            -  May  1833. 

,  New  edition  (called  the  3d)  of  the  whole  work  in  4  vols. 

12ma               ....*.  May  1834. 

,  4th  edition,  4  vols.  12ma             ....  June  1835. 

.  6th    do.        do.       da               ...            -  Mar.  1837. 


Elements,  Ist  edition  in  one  vol        .....  Jaly  1838. 

Principles,  6th    da        3  vols.  12mo.            ....  June  1840. 

Elements,  2d  edition  in  2  vols.  12mo.            ....  Jnly  1841. 

Principles,  7th  edition  in  one  voL  8va           -            -            -            -  Feb.  1847. 

,  8th  edition  now  published  in  one  vol.  8vo.             -            -  May  1850. 

Mannal  of  Elementary  Geology  (or  **  Elements,"  3d  edition),  now 

published  in  one  vol.  8vo.        ....  Jan.  1851. 


Works  by  Sir  Charles  Lyell. 


TRAVELS  IN  NORTH  AMERICA,  — 1841-2.   With  Geological 

Obsenrations  on  the  United  States,  Canada,  and  Nova  Scotia.    With  large 
coloued  geological  Map  and  Plates.    2  vols,  poet  Sra  21a. 

A  SECOND  VISIT  TO   THE  UNITED  STATES^  — 1845-6. 

Second  Edition,    2  toIs.  poet  8to.  18& 

m. 
PRINCIPLES  OF  GEOLOGY;  or  the  Modern  Changes  of  the 

Earth  and  its  Inhabitants  considered,  as  illnstratiye  of  Greologj.     Eighth 
Edition,  thorough^  revised.    With  Maps,  Plates,  and  Woodcnts.  8vo.  ISs. 

A  MANUAL  OF  ELEMENTARY  GEOLOGY;  or  the 
ANCIENT  CHANGES  of  the  Earth  and  its  Inhabitants,  as  illustrated  by 
Geological  Monuments.  Third  Edition.  Thorougldy  reoUed.  With  520  Wood- 
cnts and  Plates.    Bra  12a. 


k 


MANUAL. 


OF 


ELEMENTARY    GEOLOGY. 


CHAPTER  L 

ON   THE  DIFFERENT   CLASSES   OF   KOCKS. 

Geology  defined  —  Succcssiye  formation  of  the  earth*8  enutt — Classification  of  rocks 
according  to  their  origin  and  age — Aqueous  rocks — Their  stratification  and  im- 
bedded fossils — Volcanic  rocks,  with  and  without  cones  and  craters — Plutonic 
rocks,  and  their  relation  to  the  volcanic  —  Metomorphic  rocks  ond  tlieir  probable 
origin  — The  term  primitive,  why  erroneously  applied  to  the  crystalline  formations 
— Leading  division  of  the  work* 

Of  what  materials  is  the  earth  composed,  and  in  what  manner  are 
these  materials  arranged  ?  These  are  the  first  inquiries  with  which 
Geology  is  occupied,  a  science  which  derives  its  name  from  the  Greek 
y^,  ge,  the  earth,  and  Xoyoc,  logas^  a  discourse.  Previously  to  expe- 
rience we  might  have  imagined  that  investigations  of  this  lund  would 
relate  exclusively  to  the  mineral  kingdom,  and  to  the  various  rocks, 
soils,  and  metals,  which  occur  upon  the  surface  of  the  earth,  or  at 
various  depths  beneath  it.  But,  in  pursuing  such  researches,  we  soon 
find  ourselves  led  on  to  consider  the  successive  chancres  which  have 
taken  place  in  the  former  state  of  the  earth's  surface  and  interior,  and 
the  causes  which  have  given  rise  to  these  changes  ;  and,  what  is  still 
more  singular  and  unexpected,  we  soon  become  engaged  in  researches 
into  the  history  of  the  animate  creation,  or  of  the  various  tribes  of 
animals  and  plants  which  have,  at  different  periods  of  the  past,  in- 
habited the  globe. 

All  are  aware  that  the  solid  parts  of  the  earth  consist  of  distinct 
substances,  such  as  clay,  chalk,  sand,  limestone,  coal,  slate,  granite, 
and  the  like ;  but  previously  to  observation  it  is  commonly  imagined 
that  all  these  had  remained  from  the  first  in  the  state  in  which  we 
now  see  them, — that  they  were  created  in  their  present  form,  and  in 
their  present  position.  The  geologist  soon  comes  to  a  different  con- 
clusion, discovering  proofs  that  the  external  parts  of  the  earth  were 
not  all  produced  in  the  beginning  of  things,  in  the  state  in  which  we 
now  behold  them,  nor  in  an  instant  of  time.  On  the  contrary,  ho 
can  show  that  they  have  acquired  their  actual  configuration  and  con- 
dition gradually,  under  a  great  variety  of  circumstances,  and  at  suc- 
cessive periods,  during  each  of  which  distinct  races  of  living  beings 
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have  flourished  on  the  land  and  in  the  waters,  the  remains  of  these 
creatures  still  lying  buried  in  the  crust  of  the  earth. 

B7  the  "  earth's  crust,"  is  meant  that  small  portion  of  the  exterior 
of  our  planet  which  is  accessible  to  human  observation,  or  on  which 
we  are  enabled  to  reason  by  observations  made  at  or  near  the  surface. 
These  reasonings  may  extend  to  a  depth  of  several  miles,  perhaps  ten 
miles ;  and  even  then  it  may  be  said,  that  such  a  thickness  is  no 
more  than  -^^j^  part  of  the  distance  from  tbe  surface  to  the  centre. 
The  remark  is  just ;  but  although  the  dimensions  of  such  a  crust  are, 
in  truth,  insignificant  when  compared  to  the  entire  globe,  yet  they 
are  vast,  and  of  magnificent  extent  in  relation  to  man,  and  to  the 
organic  beings  which  people  our  globe.  Referring  to  this  standard 
of  magnitude,  the  geologist  may  admire  the  ample  limits  of  his  domain, 
and  admit,  at  the  same  time,  that  not  only  the  exterior  of  the  planet, 
but  the  entire  earth,  is  but  an  atom  in  the  midst  of  the  countless 
worlds  surveyed  by  the  astronomer. 

The  materials  of  this  crust  are  not  thrown  together  confusedly; 
but  distinct  mineral  masses,  called  rocks,  are  found  to  occupy  definite 
spaces,  and  to  exhibit  a  certain  order  of  arrangement.  The  term 
rock  is  applied  indifferently  by  geologists  to  aU  these  substances, 
whether  they  be  soft  or  stony,  for  clay  and  sand  are  included  in  the 
term,  and  some  have  even  brought  peat  under  this  denomination. 
Our  older  writers  endeavoured  to  avoid  offering  such  violence  to  our 
language,  by  speaking  of  the  component  materials  of  the  earth  as 
consisting  of  rocks  and  soils.  But  there  is  often  so  insensible  a  pas- 
sage from  a  soft  and  incoherent  state  to  that  of  stone,  that  geologists 
of  all  countries  have  found  it  indispensable  to  have  one  technical 
term  to  include  both,  and  in  this  sense  we  find  roche  applied  in 
French,  rocca  in  Italian,  and  f chart  in  Grerman.  The  beginner, 
however,  must  constantly  bear  in  mind,  that  the  term  rock  by  no 
means  implies  that  a  mineral  mass  is  in  an  indurated  or  stony  con- 
dition. 

The  most  natural  and  convenient  mode  of  classifying  the  various 
rocks  which  compose  the  earth's  crust,  is  to  refer,  in  the  first  place, 
to  their  origin,  and  in  the  second  to  their  relative  age.  I  shall 
therefore  begin  by  endeavouring  briefly  to  explain  to  the  student 
how  all  rocks  may  be  divided  into  four  great  classes  by  reference  to 
their  different  origin,  or,  in  other  words,  by  reference  to  the  different 
circumstances  and  causes  by  which  they  have  been  produced. 

The  first  two  divisions,  which  will  at  once  be  understood  as  natural, 
are  the  aqueous  and  volcanic,  or  the  products  of  watery  and  those  of 
Igneous  action  at  or  near  the  surface. 

Aqueous  rocks. — The  aqueous  rocks,  sometimes  called  the  sedi- 
mentary, or  fossiliferous,  cover  a  larger  part  of  the  earth's  surface 
than  any  others.  These  rocks  are  stratified^  or  divided  into  distinct 
layers,  or  strata.  The  term  stratum  means  simply  a  bed,  or  any 
thing  spread  out  or  strewed  over  a  given  surface  ;  and  we  infer  that 
these  strata  have  been  generally  spread  out  by  the  action  of  water, 
from  what  we  daily  see  taking  place  near  the  mouths  of  rivers,  or  on 


Ch.1.]  aqueous  bocks.  3 

the  land  during  temporary  inundations.  For,  whenever  a  running 
stream,  charged  with  mud  or  sand,  has  its  velocity  checked,  as  when 
it  enters  a  lake  or  sea,  or  overflows  a  plain,  the  sediment,  previously 
held  in  suspension  by  the  motion  of  the  water,  sinks,  by  its  own 
gravity,  to  the  bottom.  In  this  manner  hiyers  of  mud  and  sand  are 
thrown  down  one  upon  another. 

J£  we  drain  a  hike  which  has  been  fed  by  a  small  stream,  we  fre- 
quently find  at  the  bottom  a  series  of  deposits,  disposed  with  consi- 
derable regularity,  one  above  the  other ;  the  uppermost,  pertiaps,  may 
be  a  stratum  of  peat,  next  below  a  more  dense  and  solid  variety  of 
the  same  material ;  still  lower  a  bed  of  shell-marl,  alternating  with 
peat  or  sand,  and  then  other  beds  of  marl,  divided  by  layers  of  clay. 
Now,  if  a  second  pit  be  sunk  through  the  same  continuous  lacustrine 
formation^  at  some  distance  from  the  first,  nearly  the  same  series  of 
beds  is  commonly  met  with,  yet  with  slight  variations;  some,  for 
example,  of  the  layers  of  sand,  clay,  or  marl,  may  be  wanting,  one  or 
more  of  them  having  thinned  out  and  given  place  to  others,  or  some- 
times one  of  the  masses  first  examined  is  observed  to  increase  in  thick- 
ness to  the  exclusion  of  other  beds. 

The  term  "ybrma/ton,"  which  I  have  used  in  the  above  explana- 
tion, expresses  in  geology  any  assemblage  of  rocks  which  have  some 
character  in  common,  whether  of  origin,  age,  or  composition.  Thus 
we  speak  of  stratified  and  unstratified,  freshwater  and  marine,  aqueous 
and  volcanic,  ancient  and  modern,  metalliferous  and  non-metalliferous 
formations. 

In  the  estuaries  of  large  rivers,  such  as  the  Ganges  and  the  Missis- 
sippi, we  may  observe,  at  low  water,  phenomena  analogous  to  those 
of  the  drained  lakes  above  mentioned,  but  on  a  grander  scale,  and 
extending  over  areas  several  hundred  miles  in  length  and  breadth. 
When  the  periodical  inundations  subside,  the  river  hollows  out  a 
channel  to  the  depth  of  many  yards  through  horizontal  beds  of  clay 
and  sand,  the  ends  of  which  are  seen  exposed  in  perpendicular  cliffs. 
These  beds  vary  in  colour,  and  are  occasionally  characterised  by  con- 
taining drift-wood  or  shells.  The  shells  may  belong  to  species  pecu- 
liar to  the  river,  but  are  sometimes  those  of  marine  testacea,  washed 
into  the  mouth  of  the  estuary  during  storms. 

The  annual  floods  of  the  Nile  in  Egypt  are  well  known,  and  the 
fertile  deposits  of  mud  which  they  leave  on  the  plains.  This  mud  is 
stratified^  the  thin  layer  thrown  down  in  one  season  differing  slightly 
in  colour  from  that  of  a  previous  year,  and  being  separable  from  it, 
as  has  been  observed  in  excavations  at  Cairo,  and  other  places.* 

When  beds  of  sand,  clay,  and  marl,  containing  shells  and  vegetable 
matter,  are  found  arranged  in  a  similar  manner  in  the  interior  of  the 
earth,  we  ascribe  to  them  a  similar  origin ;  and  the  more  we  examine 
their  characters  in  minute  detail,  the  more  exact  do  we  find  the 
resemblance.  Thus,  for  example,  at  various  heights  and  depths  in 
the  earth,  and  often  far  from  seas,  lakes,  and  rivers,  we  meet  with 

♦  See  Frinciplee  of  Geology,  by  the  Author,  Index,  "  Nile,"  "  Rivers,"  &c 
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layers  of  rounded  pebbles  composed  of  different  rocks  mingled  toge* 
ther.  Thej  are  like  the  shingle  of  a  sea-beach,  or  pebbles  formed 
in  the  beds  of  torrents  and  rivers,  which  are  carried  down  into  the 
ocean  wherever  these  descend  from  high  grounds  bordering  a  coast. 
There  the  gravel  is  spread  out  by  the  waves  and  currents  over  a 
considerable  space ;  but  during  seasons  of  drought  the  torrents  and 
rivers  are  nearly  dry,  and  have  only  power  to  convey  fine  sand  or 
mud  into  the  sea.  Hence,  alternate  layers  of  gravel  and  fine  sedi- 
ment accumulate  under  water,  and  such  alternations  are  found  by 
geologists  in  the  interior  of  every  continent.* 

If  a  stratified  arrangement,  and  the  rounded  forms  of  pebbles,  are 
alone  sufiicient  to  lead  us  to  the  conclusion  that  certain  rocks  origi- 
natcd  under  water,  this  opinion  is  farther  confirmed  by  the  distinct 
and  independent  evidence  o£  fossils^  so  abundantly  included  in  the 
earth's  crust.  By  a  fossil  is  meant  any  body,  or  the  traces  of  the 
existence  of  any  body,  whether  animal  or  vegetable,  which  has  been 
buried  in  the  earth  by  natural  causes.  Now  the  remains  of  animals, 
especially  of  aquatic  species,  are  found  almost  everywhere  imbedded 
in  stratified  rocks,  and  sometimes^  in  the  case  of  limestone,  they  are 
in  such  abundance  as  to  constitute  the  entire  mass  of  the  rock  itself. 
Shells  and  corals  are  the  most  frequent,  and  with  them  are  often 
associated  the  bones  and  teeth  of  fishes,  fragments  of  wood,  im- 
pressions of  leaves,  and  other  organic  substances.  Fossil  shells,  of 
forms  such  as  now  abound  in  the  sea,  are  met  with  far  inland,  both 
near  the  surface  and  at  great  depths  below  it.  They  occur  at  all 
heights  above  the  level  of  the  ocean,  having  been  observed  at 
elevations  of  8000  feet  in  the  Pyrenees,  10,000  in  the  Alps,  13,000 
in  the  Andes,  and  above  16,000  feet  in  the  Himalayas,  f 

These  shells  belong  mostly  to  marine  testacea,  but  in  some  places 
exclusively  to  forms  characteristic  of  lakes  and  rivers.  Hence  it  is 
concluded  that  some  ancient  strata  were  deposited  at  the  bottom  of 
the  sea,  and  others  in  lakes  and  estuaries. 

When  geology  was  first  cultivated,  it  was  a  general  belief,  that 
these  marine  shells  and  other  fossils  were  the  efiects  and  proofs  of 
the  deluge  of  Noah;  but  all  who  have  carefully  investigated  the 
phenomena  have  long  rejected  this  doctrine.  A  transient  flood 
might  be  supposed  to  leave  behind  it,  here  and  there  upon  the 
surface,  scattered  heaps  of  mud,  sand,  and  shingle,  with  shells 
confusedly  intermixed;  but  the  strata  containing  fossils  are  not 
superficial  deposits,  and  do  not  simply  cover  the  earth,  but  constitute 
the  entire  mass  of  mountains.  Nor  are  the  fossils  mingled  without 
reference  to  the  original  habits  and  natures  of  the  creatures  of  which 
they  are  the  memorials ;  those,  for  example,  being  found  associated 
together  which  lived  in  deep  or  in  shallow  water,  near  the  shore  or 
far  from  it,  in  brackish  or  in  salt  water. 

It  has,  moreover,  been  a  favourite  notion  of  some  modern  writers, 
who  were  aware  that  fossil  bodies  could  not  all  be  referred  to  the 

♦  See  p.  18.  t  See  Gcograph.  Journ.  vol,  iv.  p.  64. 
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deluge^  that  thej,  and  tbe  strata  in  which  they  are  entombed,  might 
have  been  deposited  in  the  bed  of  the  ocean  during  the  period  which 
intervened  between  the  creation  of  man  and  the  deluge.  They  have 
imagined  that  the  antediluvian  bed  of  the  ocean,  after  having  been 
the  receptacle  of  many  stratified  deposits,  became  converted,  at  the 
time  of  the  flood,  into  the  lands  which  we  inhabit,  and  that  the  an- 
cient continents  were  at  the  same  time  submerged,  and  became  the 
bed  of  the  present  sea.  This  hypothesis,  although  preferable  to  the 
diluvial  theory  before  alluded  to,  since  it  admits  that  all  fossiliferous 
strata  were  successively  thrown  down  from  water,  is  yet  wholly 
inadequate  to  explain  the  repeated  revolutions  which  the  earth  has 
undergone,  and  the  signs  which  the  existing  continents  exhibit,  in 
most  regions,  of  having  emerged  from  the  ocean  at  an  era  far  more 
remote  than  four  thousand  years  from  the  present  time.  Ample 
proofs  of  these  reiterated  revolutions  will  be  given  in  the  sequel,  and 
it  will  be  seen  that  many  distinct  sets  of  sedimentary  strata,  each 
several  hundreds  or  thousands  of  feet  thick,  are  piled  one  upon  the 
other  in  the  earth's  crust,  each  containing  peculiar  fossil  animals  and 
plants  which  are  distinguishable  with  few  exceptions  from  species  now 
living.  The  mass  of  some  of  these  strata  consists  almost  entirely  of 
corals,  others  are  made  up  of  shells,  others  of  plants  turned  into  coal, 
while  some  are  without  fossils.  In  one  set  of  strata  the  species  of 
fossils  are  marine;  in  another,  lying  immediately  above  or  below, 
they  as  clearly  prove  that  the  deposit  was  formed  in  a  brackish 
estuary  or  lake.  When  the  student  has  more  fully  examined  into 
these  appearances,  he  will  become  convinced  that  the  time  required 
for  the  origin  of  the  rocks  composing  the  actual  continents  must 
have  been  far  greater  than  that  which  is  conceded  by  the  theory 
above  alluded  to ;  and  likewise  that  no  one  universal  and  sudden 
conversion  of  sea  into  land  will  account  for  geological  appearances. 

We  have  now  pointed  out  one  great  class  of  rocks,  which,  however 
they  may  vary  in  mineral  composition,  colour,  grain,  or  other  cha- 
racters, external  and  internal,  may  nevertheless  be  grouped  together 
as  having  a  common  origin.  They  have  all  been  formed  under  water, 
in  the  same  manner  as  modern  accumulations  of  sand,  mud,  shingle, 
banks  of  shells,  reefs  of  coral,  and  the  like,  and  are  all  characterised 
by  stratification  or  fossils,  or  by  both. 

Volcanic  rocks. — The  division  of  rocks  which  we  may  next  con- 
sider are  the  volcanic,  or  those  which  have  been  produced  at  or  near 
the  surface  whether  in  ancient  or  modern  times,  not  by  water,  but  by 
the  action  of  fire  or  subterranean  heat.  These  rocks  are  for  the 
most  part  unstratified,  and  are  devoid  of  fossils.  They  are  more  par- 
tially distributed  than  aqueous  formations,  at  least  in  respect  to  hori- 
zontal extension.  Among  those  parts  of  Europe  where  they  exhibit 
characters  not  to  be  mistaken,  I  may  mention  not  only  Sicily  and  the 
country  round  Naples,  but  Auvergne,  Velay,  and  Vivarais,  now  the 
departments  of  Puy  de  Dome,  Haute  Loire,  and  Ardeche,  towards 
the  centre  and  south  of  France,  in  which  are  several  hundred  conical 
bills  having  the  forms  of  modem  volcanos,  with  craters  more  or  less 
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perfect  on  many  of  their  summits.  These  cones  are  composed  more- 
over of  hivo,  sand,  and  ashes,  similar  to  those  of  active  volcanos. 
Streams  of  lava  may  sometimes  be  traced  from  the  cones  into  the 
adjoining  valleys,  where  they  have  choked  up  the  ancient  channels  of 
rivers  with  solid  rock,  in  the  same  manner  as  some  modem  flows  of 
lava  in  Iceland  have  been  known  to  do,  the  rivers  either  flowing 
beneath  or  cutting  out  a  narrow  passage  on  one  side  of  the  lava. 
Although  none  of  tiiese  French  volcanos  have  been  in  activity  within 
the  period  of  history  or  tradition,  their  forms  are  often  very  perfect. 
Some,  however,  have  been  compared  to  the  mere  skeletons  of  vol- 
canos, the  rains  and  torrents  having  washed  their  sides,  and  removed 
all  the  loose  sand  and  scorie,  leaving  only  the  harder  and  more  solid 
materials.  By  this  erosion,  and  by  earthquakes,  their  internal  struc- 
ture has  occasionally  been  laid  open  to  view,  in  fissures  and  ravines ; 
and  we  then  behold  not  only  ninny  successive  beds  and  masses  of 
porous  lava,  sand,  and  scoriae,  but  abo  perpendicular  waUs,  or  dikeSy 
as  they  are  called,  of  volcanic  rock,  which  have  burst  through  the 
other  materials.  Such  dikes  are  also  observed  in  the  structure  of 
Vesuvius,  Etna,  and  other  active  volcanos.  They  have  been  formed 
by  the  pouring  of  melted  matter,  whether  from  above  or  below,  into 
open  fissures,  and  they  commonly  traverse  deposits  of  volcanic  tufff 
a  substance  produced  by  the  showering  down  from  the  air,  or  in- 
cumbent waters,  of  sand  and  cinders,  first  shot  up  fi-om  the  interior 
of  the  earth  by  the  explosions  of  volcanic  gases. 

Besides  the  parts  of  France  above  alluded  to,  there  are  other 
countries,  as  the  north  of  Spain,  the  south  of  Sicily,  the  Tuscan 
territory  of  Italy,  the  lower  Rhenish  provinces,  and  Hungary,  where 
spent  volcanos  may  be  seen,  still  preserving  in  many  cases  a  conical 
form,  and  having  craters  and  often  lava-streams  connected  with 
them. 

There  are  also  other  rocks  in  England,  Scotland,  Ireland,  and 
almost  every  country  in  Europe,  which  we  infer  to  be  of  igneous 
origin,  although  they  do  not  form  hills  with  cones  and  craters.  Thus, 
for  example,  we  feel  assured  that  the  rock  of  Stofia,  and  that  of  the 
Giants'  Causeway,  called  basalt,  is  volcanic,  because  it  agrees  in  its 
columnar  structure  and  mineral  composition  with  streams  of  lava 
which  we  know  to  have  flowed  from  the  craters  of  volcanos.  We 
find  also  similar  basaltic  and  other  igneous  rocks  associated  with 
beds  of  tuff  in  various  parts  of  the  British  Isles,  and  forming  dUteSy 
such  as  have  been  spoken  of ;  and  some  of  the  strata  through  which 
these  dikes  cut  are  occasionally  altered  at  the  point  of  contact,  as  if 
they  had  been  exposed  to  the  intense  heat  of  melted  matter. 

The  absence  of  cones  and  craters,  and  long  narrow  streams  of 
superficial  lava,  in  England  and  many  other  countries,  is  principally 
to  be  attributed  to  the  eruptions  having  been  submarine,  just  as  a 
considerable  proportion  of  volcanos  in  our  own  times  burst  out 
beneath  tlie  sea.  But  this  question  must  be  enlarged  upon  more 
fully  in  the  chapters  on  Igneous  Eocks,  in  which  it  will  also  be 
shown,  that  as  difierent  sedimentary  formations,  containing  each 
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their  cbaractcristic  fossils,  have  been  deposited  at  successive  periods, 
80  also  volcanic  sand  and  scoriae  have  been  thrown  out,  and  lavas 
have  flowed  over  the  land  or  bed  of  the  sea,  at  man  j  different  epochs, 
or  have  been  injected  into  fissures ;  so  that  the  igneous  as  well  as 
the  aqueous  rocks  maj  be  classed  as  a  chronological  series  of  monu- 
ments, throwing  light  on  a  succession  of  events  in  the  history  of  the 
earth. 

Plutonic  rocks  (Granite,  &c.). — We  have  now  pointed  out  the 
existence  of  two  distinct  orders  of  mineral  masses,  the  aqueous  and 
the  volcanic :  but  if  we  examine  a  large  portion  of  a  continent,  es- 
pecially if  it  contain  within  it  a  lofty  mountain  range,  we  rarely  fail 
to  discover  two  other  classes  of  rocks,  very  distinct  from  either  of 
those  above  alluded  to,  and  which  we  can  neither  assimilate  to  de- 
posits such  as  are  now  accumulated  in  lakes  or  seas,  nor  to  those 
generated  by  ordinary  volcanic  action.  The  members  of  both  these 
divisions  of  rocks  agree  in  being  highly  crystalline  and  destitute  of 
organic  remains.  The  rocks  of  one  division  have  been  called  plu- 
tonic,  comprehending  all  the  granites  and  certain  porphyries,  which 
are  nearly  allied  in  some  of  their  characters  to  volcanic  formations. 
The  members  of  the  other  class  are  stratified  and  often  slaty,  and 
have  been  called  by  some  the  crystalline  schists,  in  which  group  are 
included  gneiss,  micaceous-schist  (or  mica-slate),  hornblende-schist, 
statuary  marble,  the  finer  kinds  of  roofing  slate,  and  other  rocks 
afterwards  to  be  described. 

As  it  is  admitted  that  nothing  strictly  analogous  to  these  crystalline 
productions  can  now  be  seen  in  the  progress  of  formation  on  the 
earth's  surface,  it  will  naturally  be  asked,  on  what  data  we  can  find 
a  place  for  them  in  a  system  of  classification  founded  on  the  origin  of 
rocks.  I  cannot,  in  reply  to  this  question,  pretend  to  give  the 
student,  in  a  few  words,  an  intelligible  account  of  the  long  chain  of 
facts  and  reasonings  by  which  geologists  have  been  led  to  infer  the 
analogy  of  the  rocks  in  question  to  others  now  in  progress  at  the 
surface.  The  result,  however,  may  be  briefly  stated.  All  the  various 
kinds  of  granite,  which  constitute  the  plutonic  family,  are  supposed 
to  be  of  igneous  origin,  but  to  have  been  formed  under  great  pressure, 
at  considerable  depths  in  the  earth,  or  sometimes,  perhaps,  under  a 
certain  weight  of  incumbent  water.  Like  the  lava  of  volcanos,  they 
have  been  melted,  and  have  afterwards  cooled  and  crystallized,  but 
with  extreme  slowness,  and  under  conditions  very  different  from 
those  of  bodies  cooling  in  the  open  air.  Hence  they  diflcr  from  the 
volcanic  rocks,  not  only  by  their  more  crystalline  texture,  but  also 
by  the  absence  of  tuffs  and  breccias,  which  are  the  products  of 
eruptions  at  the  earth's  surface,  or  beneath  seas  of  inconsiderable 
depth.  They  differ  also  by  the  absence  of  pores  or  cellular  cavities, 
to  which  the  expansion  of  the  entangled  gases  gives  rise  in  ordinary 
lava. 

Although  granite  has  often  pierced  through  other  strata,  it  has 
rarely,  if  ever,  been  observed  to  rest  upon  them,  as  if  it  had  over- 
flowed.    But  as  this  is  continually  the  case  with  the  volcanic  rocks, 
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they  have  been  stjled,  from  this  peculiarity,  "  overlying  "  by  Dr.  Mac 
Culloch ;  and  Mr.  Necker  has  proposed  the  term  "underlying"  for 
the  granites,  to  designate  the  opposite  mode  in  which  they  almost 
invariably  present  themselves. 

3Ietamorphic,  or  stratified  crystalline  rocks, — The  fourth  and  last 
great  division  of  rocks  are  the  crystalline  strata  and  slates,  or  schists, 
called  gneiss,  mica-schist,  clay-slate,  chlorite-schist,  marble,  and  the 
like,  the  origin  of  which  is  more  doubtful  than  that  of  the  other  three 
classes.  They  contain  no  pebbles,  or  sand,  or  scoriae,  or  angular 
pieces  of  imbedded  stone,  and  no  traces  of  organic  bodies,  and  they 
are  often  as  crystalline  as  granite,  yet  are  divided  into  beds,  corre- 
sponding in  form  and  arrangement  to  those  of  sedimentary  formations, 
and  are  therefore  said  to  be  stratified.  The  beds  sometimes  consist 
of  an  alternation  of  substances  varying  in  colour,  composition,  and 
thickness,  precisely  as  we  see  in  stratified  fossiliferous  deposits.  Ac- 
cording to  the  Huttonian  theory,  which  I  adopt  as  most  probable, 
and  which  will  be  afterwards  more  fully  explained,  the  materiab  of 
these  strata  were  originally  deposited  from  water  in  the  usual  form 
of  sediment,  but  they  were  subsequently  so  altered  by  subterranean 
heat,  as  to  assume  a  new  texture.  It  is  demonstrable,  in  some  cases 
at  least,  that  such  a  complete  conversion  has  actually  taken  place, 
fossiliferous  strata  having  exchanged  an  earthy  for  a  highly  crys- 
talline texture  for  a  distance  of  a  quarter  of  a  mile  from  their  con- 
tact with  granite.  In  some  cases,  dark  limestones,  replete  with 
shells  and  corals,  have  been  turned  into  white  statuary  marble,  and 
hard  clays  into  slates  called  mica-schist  and  hornblende-schist,  all 
signs  of  organic  bodies  having  been  obliterated. 

Although  we  are  in  a  great  degree  ignorant  of  the  precise  nature 
of  the  influence  exerted  in  these  cases,  yet  it  evidently  bears  some 
analogy  to  that  which  volcanic  heat  and  gases  are  known  to  pro- 
duce ;  and  the  action  may  be  conveniently  called  plu tonic,  because  it 
appears  to  have  been  developed  in  those  regions  where  plutonic 
rocks  are  generated,  and  under  similar  circumstances  of  pressure  and 
depth  in  the  earth.  Whether  hot  water  or  steam  permeating  stratified 
masses,  or  electricity,  or  any  other  causes  have  co-operated  to  produce 
the  crystalline  texture,  may  be  matter  of  speculation,  but  it  is  clear 
that  the  plutonic  influence  has  sometimes  pervaded  entire  mountain 
masses  of  strata. 

In  accordance  with  the  hypothesis  above  alluded  to,  I  proposed  in 
the  first  edition  of  the  Principles  of  Geology  (1833),  the  term 
"  Metamorphic "  for  the  altered  strata,  a  term  derived  from  ftcra, 
meta,  trans,  and  ^opfpri,  morphe,  forma. 

Hence  there  are  four  great  classes  of  rocks  considered  in  reference 
to  their  origin, — the  aqueous,  the  volcanic,  the  plutonic,  and  the 
metamorphic.  In  the  course  of  this  work  it  will  be  shown,  that 
portions  of  each  of  these  four  distinct  classes  have  originated  at 
many  successive  periods.  They  have  all  been  produced  contem- 
poraneously, and  may  even  now  be  in  the  progress  of  formation.  It 
is  not  true,  as  was  formerly  supposed,  that  all  granites,  together  with 
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the  crystalline  or  metamorpliic  strata,  were  first  formed,  and  therefore 
entitled  to  be  called  ^*  primitive,"  and  that  the  aqueous  and  volcanic 
rocks  were  afterwards  super-imposed,  and  should,  therefore,  rank  as 
seoondarj  in  the  order  of  time.  This  idea  was  adopted  in  the 
infancy  of  the  science,  when  all  formations,  whether  stratified  or  un- 
Btratified,  earthy  or  crystalline,  with  or  without  fossils,  were  alike 
regarded  as  of  aqueous  origin.  At  that  period  it  was  naturally 
argued,  that  the  foundation  roust  be  older  than  the  superstructure ; 
but  it  was  afterwards  discovered,  that  this  opinion  was  by  no  means 
in  every  instance  a  legitimate  deduction  from  facts ;  for  tlie  inferior 
parts  of  the  earth's  crust  have  often  been  modified,  and  even  entirely 
changed,  by  the  influence  of  volcanic  and  other  subterranean  causes, 
while  superimposed  formations  have  not  been  in  the  sliglitest  degree 
altered.  In  other  words,  the  destroying  and  renovating  processes 
have  given  birth  to  new  rocks  below,  while  those  above,  whether 
crystalline  or  fossiliferous,  have  remained  in  their  ancient  condition. 
Even  in  cities,  such  as  Venice  and  Amsterdam,  it  cannot  be  laid 
down  as  universally  true,  that  the  upper  parts  of  each  edifice,  whether 
of  brick  or  marble,  are  more  modern  than  the  foundations  on  which 
they  rest,  for  these  often  consist  of  wooden  piles,  which  may  have 
rotted  and  been  replaced  one  after  the  other,  without  the  least  injury 
to  the  buildings  above ;  meanwhile,  these  may  have  required  scarcely 
any  repair,  and  may  have  been  constantly  inhabited.  So  it  is  with 
the  habitable  surface  of  our  globe,  in  its  relation  to  large  masses  of 
rock  immediately  below  :  it  may  continue  the  same  for  ages,  while 
subjacent  materials,  at  a  great  depth,  are  passing  from  a  solid  to  a 
fluid  state,  and  then  reconsolidating,  so  as  to  acquire  a  new  texture. 

As  all  the  crystalline  rocks  may,  in  some  respects,  be  viewed  as 
belonging  to  one  great  family,  whether  they  be  stratified  or  un- 
stratified,  plutonic  or  metamorphic,  it  will  often  be  convenient  to 
speak  of  them  by  one  common  name.  It  being  now  ascertained,  as 
above  stated,  that  they  are  of  very  different  ages,  sometimes  newer 
than  the  strata  called  secondary,  the  term  primary,  which  was  for- 
merly used  for  the  whole,  must  be  abandoned,  as  it  would  imply  a 
manifest  contradiction.  It  is  indispensable,  therefore,  to  find  a  new 
name,  one  which  must  not  be  of  chronological  import,  and  must 
express,  on  the  one  hand,  some  peculiarity  equally  attributable  to 
granite  and  gneiss  (to  the  plutonic  as  well  as  the  altered  rocks),  and, 
on  the  other,  must  have  reference  to  characters  in  which  those  rocks 
differ,  both  from  the  volcanic  and  from  the  unaltered  sedimentary 
strata.  I  proposed  in  the  Principles  of  Geology  (first  edition,  vol.  iii.), 
the  term  **  hypogene"  for  this  purpose,  derived  from  vtto,  under,  and 
yirofiai,  to  be,  or  to  be  born ;  a  word  implying  the  theory  that 
granite,  gneiss,  and  the  other  crystalline  formations  are  alike  nether^ 
formed  rocks,  or  rocks  which  have  not  assumed  their  present  form 
and  structure  at  the  surface.  This  occurs  in  the  lowest  place  in  the 
order  of  superposition.  Even  in  regions  such  as  the  Alps,  where 
some  masses  of  granite  and  gneiss  can  be  shown  to  be  of  com- 
paratively modern  date,  belonging,  for  example,  to  the  period  here- 
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after  to  be  described  as  tertiary,  thej  are  still  underlying  rocks. 
Thej  never  repose  on  the  volcanic  or  trappean  formations,  nor  on 
strata  containing  organic  remains.  Thej  are  hypogeney  as  ^  being 
under  "  all  the  rest 

From  what  has  now  been  said,  the  reader  will  understand  that 
each  of  the  four  great  classes  of  rocks  maj  be  studied  under  two 
distinct  points  of  view  :  first,  thej  maj  be  studied  simplj  as  mineral 
masses  deriving  their  origin  from  particular  causes,  and  having  a 
certain  composition,  form,  and  position  in  the  earth's  crust,  or  other 
characters  both  positive  and  negative,  such  as  the  presence  or  absence 
of  organic  remains.  Li  the  second  place,  the  rocks  of  each  class  maj 
be  viewed  as  a  grand  chronological  series  of  monuments,  attesting  a 
succession  of  events  in  the  former  historj  of  the  globe  and  its  living 
inhabitants. 

I  shall  accordinglj  proceed  to  treat  of  each  familj  of  rocks ;  first, 
in  reference  to  those  characters  which  are  not  chronological,  and  then 
in  particular  relation  to  the  several  periods  when  thej  were  formed. 


CHAPTER  II. 

AQUEOUS   ROCKS  —  THEIR   COMPOSITIOX  AND  FORMS   OF   STRATIFI- 
CATION. 

Mineral  composition  of  strata — Arenaceous  rocks — Argillaceous — Calcareoas — 
Gypsum — Forms  of  stratification  —  Original  horixontalitj — tliinning  out — Dia- 
gonal arrangement — Ripple  mark. 

In  pursuance  of  the  arrangement  explained  in  the  last  chapter,  we 
shall  begin  bj  examining  the  aqueous  or  sedimentarj  rocks,  which 
are  for  the  most  part  distinctlj  stratified,  and  contain  fossils.  We 
maj  first  studj  them  with  reference  to  their  mineral  composition, 
external  appearance,  position,  mode  of  origin,  organic  contents,  and 
other  characters  which  belong  to  them  as  aqueous  formations,  inde- 
pendentlj  of  their  age,  and  we  maj  afterwards  consider  them'chrono- 
logicallj  or  with  reference  to  the  successive  geological  periods  when 
thej  originated. 

I  have  alreadj  given  an  outline  of  the  data  which  led  to  the  belief 
that  the  stratified  and  fossiliferous  rocks  were  originallj  deposited 
under  water ;  but,  before  entering  into  a  more  detailed  investigation,  it 
will  be  desirable  to  saj  something  of  the  ordinarj  materials  of  which 
such  strata  are  composed.  These  maj  be  said  to  belong  principallj 
to  three  divisions,  the  arenaceous,  the  argillaceous,  and  the  calca- 
reous, which  are  formed  rcspectivelj  of  sand,  claj,  and  carbonate  of 
lime.  Of  these,  the  arenaceous,  or  sandj  masses,  are  chiefij  made 
up  of  siliceous  or  flintj  grains  ;   the  argillaceous,  or  clajej,  of  a 
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mixture  of  siliceous  matter,  with  a  certain  proportion,  about  a  fourth 
in  weight,  of  aluminous  earth ;  and,  lastly,  the  calcareous  rocks  or 
limestones  consist  of  carbonic  acid  and  lime, 

Arenaceoui  or  sUiceoui  rocks, — To  speak  first  of  the  sandy  divi- 
sion :  beds  of  loose  sand  are  frequently  met  with,  of  which  the  grains 
consist  entirely  of  silex,  which  term  comprehends  all  purely  siliceous 
minerals,  as  quartz  and  common  fiint.  Quartz  is  silex  in  its  purest 
form ;  fiint  usually  contains  some  admixture  of  alumine  and  oxide  of 
iron.  The  siliceous  grains  in  sand  are  usually  rounded,  as  if  by  the 
action  of  running  water.  Sandstone  is  an  aggregate  of  such  grains, 
which  often  cohere  together  without  any  visible  cement,  but  moro 
commonly  are  bound  together  by  a  slight  quantity  of  siliceous  or 
calcareous  matter,  or  by  iron  or  clay. 

Pure  siliceous  rocks  may  be  known  by  not  eficrvescing  when  a 
drop  of  nitric,  sulphuric,  or  other  acid  is  applied  to  them,  or  by  the 
grains  not  being  readily  scratched  or  broken  by  ordinary  pressure. 
In  nature  there  is  every  intermediate  gradation,  from  perfectly  loose 
sand,  to  the  hardest  sandstone.  In  micaceous  sandstones  mica  is 
very  abundant ;  and  the  thin  silvery  plates  into  which  that  mineral 
divides,  are  often  arranged  in  layers  parallel  to  the  planes  of  strati- 
fication, giving  a  slaty  or  laminated  texture  to  the  rock. 

When  sandstone  is  coarse-grained,  it  is  usually  called  grit.  If  the 
grains  are  rounded,  and  large  enough  to  be  called  pebbles,  it  becomes 
a  conglomerate^  or  pudding-stone^  which  may  consist  of  pieces  of  one 
or  of  many  difiercnt  kinds  of  rock.  A  conglomerate,  therefore,  is 
simply  gravel  bound  together  by  a  cement. 

Argillaceous  rocks,  —  Clay,  strictly  speaking,  is  a  mixture  of  silex 
or  fiint  with  a  large  proportion,  usually  about  one  fourth,  of  alumine, 
or  argil ;  but,  in  common  language,  any  earth  which  possesses  suffi- 
cient ductility,  when  kneaded  up  with  water,  to  be  fashioned  like 
paste  by  the  hand,  or  by  the  potter's  lathe,  is  called  a  clay;  and  such 
clays  vary  greatly  in  their  composition,  and  are,  in  general,  nothing 
more  than  mud  derived  from  the  decomposition  or  wearing  down  of 
various  rocks.  The  purest  clay  found  in  nature  is  porcelain  clay,  or 
kaolin,  which  results  from  the  decomposition  of  a  rock  composed  of 
felspar  and  quartz,  and  it  is  almost  always  mixed  with  quartz.* 
Shale  has  also  the  property,  like  clay,  of  becoming  plastic  in  water : 
it  is  a  more  solid  form  of  clay,  or  argillaceous  matter,  condensed  by 
pressure.     It  usually  divides  into  irregular  laminas. 

One  general  character  of  all  argillaceous  rocks  is  to  give  out  a 
peculiar,  earthy  odour  when  breathed  upon,  which  is  a  test  of  the 
presence  of  alumine,  although  it  does  not  belong  to  pure  alumine, 
but,  apparently,  to  the  combination  of  that  substance  with  oxide  of 
iron.f 

♦  The  kaoh'n  of  China  consists  of  71-15  nearly  eqnal  parts  of  silica  and  alumine, 

parts  of  silex,  15*86  of  alumine,  1*92  of  with   1    per  cent,  of  magnesia.    (Phil, 

lime,   and   673   of  water  (W.  PhiUips,  Mag.  vol.  x.  1837.) 
Mineralogy,  p.  33.)  }  but  other  porcelain        f  Sec  W.  riiillips*s  Mineralogy, "  Alu- 

elays  differ  mateiially,  that  of  CSomwall  mine.** 
being  composed,  according  to  Boase,  of 
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Calcareous  rocks. — This  division  comprehends  those  rocks  which, 
like  chalk,  are  composed  chieflj  of  lime  and  carbonic  acid.  Shells 
and  corals  are  also  formed  of  the  same  elements,  with  the  addition 
of  animal  matter.  To  obtain  pure  lime  it  is  necessary  to  calcine 
these  calcareous  substances,  that  is  to  say,  to  expose  them  to  heat  of 
sufficient  intensity  to  drive  off  the  carbonic  acid,  and  other  volatile 
matter,  without  vitrifying  or  melting  the  lime  itself.  White  chalk 
is  often  pure  carbonate  of  lime ;  and  this  rock,  although  usually  in 
a  soft  and  earthy  state,  is  sometimes  sufficiently  solid  to  be  used  for 
building,  and  even  passes  into  a  compact  stone,  or  a  stone  of  which 
the  separate  parts  are  so  minute  as  not  to  be  distinguishable  from 
each  other  by  the  naked  eye. 

Many  limestones  are  made  up  entirely  of  minute  fragments  of 
shells  and  coral,  or  of  calcareous  sand  cemented  together.  These 
last  might  be  called  '^ calcareous  sandstones;"  but  that  term  is  more 
properly  applied  to  a  rock  in  which  the  grains  are  partly  calcareous 
and  partly  siliceous,  or  to  quartzosc  sandstones^  having  a  cement  of 
carbonate  of  lime. 

The  variety  of  limestone  called  "  oolite  "  is  composed  of  numerous 
small  egg-like  grains,  resembling  the  roe  of  a  fish,  each  of  which  has 
usually  a  small  fragment  of  sand  as  a  nucleus,  around  which  con- 
centric layers  of  calcareous  matter  have  accumulated. 

Any  limestone  which  is  sufficiently  hard  to  take  a  fine  polish  is 
called  marble.  Many  of  these  are  fossiliferous  ;  but  statuary  marble, 
which  is  also  called  saccharine  limestone^  as  having  a  texture  re- 
sembling that  of  loaf-sugar,  is  devoid  of  fossils,  and  is  in  many  cases 
a  member  of  the  metamorphic  series. 

Siliceous  limestone  is  an  intimate  mixture  of  carbonate  of  lime  and 
flint,  and  is  harder  in  proportion  as  the  flinty  matter  predominates. 

The  presence  of  carbonate  of  lime  in  a  rock  may  be  ascertained 
by  applying  to  the  surface  a  small  drop  of  diluted  sulphuric,  nitric, 
or  muriatic  acids,  or  strong  vinegar ;  for  the  lime,  having  a  greater 
chemical  affinity  for  any  one  of  these  acids  than  for  the  carbonic, 
unites  immediately  with  them  to  form  new  compounds,  thereby  be- 
coming a  sulphate,  nitrate,  or  muriate  of  lime.  The  carbonic  acid, 
when  thus  liberated  from  its  union  with  the  lime,  escapes  in  a  gaseous 
form,  and  froths  up  or  efl*ervesces  as  it  makes  its  way  in  small  bubbles 
through  the  drop  of  liquid.  This  eflervescence  is  brisk  or  feeble  in 
proportion  as  the  limestone  is  pure  or  impure,  or,  in  other  words, 
according  to  the  quantity  of  foreign  matter  mixed  with  the  carbonate 
of  lime.  Without  the  aid  of  this  test,  the  most  experienced  eye 
cannot  always  detect  the  presence  of  carbonate  of  lime  in  rocks. 

The  above-mentioned  three  classes  of  rocks,  the  siliceous,  argil- 
laceous, and  calcareous,  pass  continually  into  each  other,  and  rarely 
occur  in  a  perfectly  separate  and  pure  form.  Thus  it  is  an  exception 
to  the  general  rule  to  meet  with  a  limestone  as  pure  as  ordinary 
white  chalk,  or  with  clay  as  aluminous  as  that  used  in  Cornwall  for 
porcelain,  or  with  sand  so  entirely  composed  of  siliceous  grains  as  the 
white  sand  of  Alum  Bay  in  the  Isle  of  Wight,  or  sandstone  so  pure 


Ch.  il]  fobms  op  stratification.  13 

as  the  grit  of  Fontainebleau^  used  for  pavement  in  France.  l^Iore 
commonlj  we  find  sand  and  clay,  or  clay  and  marl,  intermixed  in  the 
same  mass.  When  the  sand  and  clay  are  each  in  considerable 
quantity,  the  mixture  is  called  loam.  If  there  is  much  calcareous 
matter  in  clay  it  is  called  marl;  but  this  term  has  unfortunately 
been  used  so  vaguHy,  as  often  to  be  very  ambiguous.  It  has  been 
applied  to  substances  in  which  there  is  no  lime  ;  as,  to  that  red  loam 
usually  called  red  marl  in  certain  parts  of  England.  Agriculturists 
were  in  the  habit  of  calling  any  soil  a  marl,  which,  like  true  marl^ 
fell  to  pieces  readily  on  exposure  to  the  air.  Hence  arose  the  con- 
fusion of  using  this  name  for  soils  which,  consisting  of  loam,  were 
easily  worked  by  the  plough;  though  devoid  of  lime. 

Marl  slate  bears  the  same  relation  to  marl  which  shale  bears  to 
clay,  being  a  calcareous  shale.  It  is  very  abundant  in  some  countries, 
as  in  the  Swiss  Alps.  Argillaceous  or  marly  limestone  is  also  of 
common  occurrence. 

There  are  few  other  kinds  of  rock  which  enter  so  largely  into  the 
composition  of  sedimentary  strata  as  to  make  it  necessary  to  dwell 
here  on  their  characters.  I  may,  however,  mention  two  others, — 
magnesian  limestone  or  dolomite,  and  gypsum.  Magnesian  limestone 
is  composed  of  carbonate  of  lime  and  carbonate  of  magnesia ;  the 
proportion  of  the  latter  amounting  in  some  cases  to  nearly  one  half. 
It  effervesces  much  more  slowly  and  feebly  with  acids  than  common 
limestone.  In  England  this  rock  is  generally  of  a  yellowish  colour ; 
but  it  varies  greatly  in  miucralogical  character,  passing  from  an 
earthy  state  to  a  white  compact  stone  of  great  hardness.  Dolomite^ 
80  common  in  many  parts  of  Germany  and  France,  is  also  a  variety 
of  magnesian  limestone,  usually  of  a  granular  texture. 

Gypsum. — Gypsum  is  a  rock  composed  of  sulphuric  acid,  lime, 
and  water.  It  is  usually  a  soft  whitish-yellow  rock,  with  a  texture 
resembling  that  of  loaf- sugar,  but  sometimes  it  is  entirely  composed 
of  lenticular  crystals.  It  is  insoluble  in  acids,  and  does  not  effervesce 
like  chalk  and  dolomite,  because  it  does  not  contain  carbonic  acid 
gas,  or  fixed  air,  the  lime  being  already  combined  with  sulphuric 
acid,  for  which  it  has  a  stronger  affinity  than  for  any  other.  An- 
hydrous gypsum  is  a  rare  variety,  into  which  water  does  not  enter 
as  a  component  part.  Gypseous  marl  is  a  mixture  of  gypsum  and 
marl.  Alabaster  is  a  granular  and  compact  variety  of  gypsum  found 
in  masses  large  enough  to  be  used  in  sculpture  and  architecture.  It 
is  sometimes  a  pure  snow-white  substance,  as  that  of  Yoltcrra  in 
Tuscany,  well  known  as  being  carved  for  works  of  art  in  Florence 
and  Leghorn.  It  is  a  softer  stone  than  marble,  and  more  easily 
wrought. 

Forms  of  stratification. — A  series  of  strata  sometimes  consists  of 
one  of  the  above  rocks,  sometimes  of  two  or  more  in  alternating  beds. 
Thus,  in  the  coal  districts  of  England,  for  example,  we  often  pass 
through  several  beds  of  sandstone,  some  of  finer,  others  of  coarser 
grain,  some  white,  others  of  a  dark  colour,  and  below  these,  layers 
of  shale  and  sandstone  or  beds  of  shale,  divisible  into  leaf-like  laminae. 
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and  containing  beautiful  impressions  of  plants.  Then  again  we  meet 
with  beds  of  pure  and  impure  coal,  alternating  with  shales  and  sand- 
stones, and  underneath  the  whole,  perhaps,  are  calcareous  strata,  or 
beds  of  limestone,  filled  with  corals  and  marine  shells,  each  bed  dis- 
tinguishable from  another  by  certain  fossils,  or  by  the  abundance  of 
particular  species  of  shells  or  zoophytes. 

This  alternation  of  different  kinds  of  rock  produces  the  most  dis- 
tinct stratification ;  and  we  often  find  beds  of  limestone  and  marl, 
conglomerate  and  sandstone,  sand  and  clay,  recurring  again  and  again, 
in  nearly  regular  order,  throughout  a  series  of  many  hundred  strata. 
The  causes  which  may  produce  these  phenomena  are  various,  and 
have  been  fully  discussed  in  my  treatise  on  the  modern  changes  of 
the  earth's  surface.*  It  is  there  seen  that  rivers  flowing  into  lakes 
and  seas  are  charged  with  sediment,  varying  in  quantity,  composition, 
colour,  and  grain  according  to  the  seasons;  the  waters  are  sometimes 
flooded  and  rapid,  at  other  periods  low  and  feeble ;  different  tribu- 
taries, also,  draining  peculiar  countries  and  soils,  and  therefore 
charged  with  peculiar  sediment,  are  swollen  at  distinct  periods.  It 
was  also  shown  that  the  waves  of  the  sea  and  currents  undermine 
the  cliffs  during  wintry  storms,  and  sweep  away  the  materials  into 
the  deep,  after  which  a  season  of  tranquillity  succeeds,  when  nothing 
but  the  finest  mud  is  spread  by  the  movements  of  the  ocean  over  the 
same  submarine  area. 

It  is  not  the  object  of  the  present  work  to  give  a  description  of 
these  operations,  repeated  as  they  are,  year  after  year,  and  century 
after  century ;  but  I  may  suggest  an  explanation  of  the  manner  in 
which  some  micaceous  sandstones  have  originated,  those  in  which  we 
see  innumerable  thin  layers  of  mica  dividing  layers  of  fine  quartzose 
sand.  I  observed  the  same  arrangement  of  materials  in  recent  mud 
deposited  in  the  estuary  of  La  Roche  St.  Bernard  in  Brittany,  at  the 
mouth  of  the  Loire.  The  surrounding  rocks  are  of  gneiss,  which,  by 
its  waste,  supplies  the  mud :  when  this  dries  at  low  water,  it  is  found 
to  consist  of  brown  laminated  clay,  divided  by  thin  seams  of  mica. 
The  separation  of  the  mica  in  this  case,  or  in  that  of  micaceous  sand- 
stones, may  be  thus  understood.  If  we  take  a  handful  of  quartzose 
sand,  mixed  with  mica,  and  throw  it  into  a  clear  running  stream,  we 
see  the  materials  immediately  sorted  by  the  water,  the  grains  of 
quartz  falling  almost  directly  to  the  bottom,  while  the  plates  of  mica 
take  a  mucli  longer  time  to  reach  the  bottom,  and  are  carried  farther 
down  the  stream.  At  the  first  instant  the  water  is  turbid,  but  im- 
mediately after  the  flat  surfaces  of  the  plates  of  mica  are  seen  alone 
reflecting  a  silvery  light,  as  they  descend  slowly,  to  form  a  distinct 
micaceous  lamina.  The  mica  is  the  heavier  mineral  of  the  two  ;  but 
it  remains  longer  suspended,  owing  to  its  great  extent  of  surface. 
It  is  easy,  therefore,  to  perceive  that  where  such  mud  is  acted  upon 
by  a  river  or  tidal  current,  the  thin  plates  of  mica  will  be  carried 

♦  Consult  Index  to  Principles  of  Geology,  «  Stratification,"  "  Currents,"  "  Deltas," 
**  Water,"  &c 
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farther^  and  not  deposited  in  the  same  places  as  the  grains  of  quartz ; 
and  since  the  force  and  velocity  of  the  stream  varies  from  time  to 
time,  layers  of  mica  or  of  sand  will  be  thrown  down  soccessivelj  on 
the  same  area. 

Original  korizontality, — It  has  generally  been  said  that  the  upper 
and  under  surfaces  of  strata,  or  the  planes  of  stratification,  as  they 
are  termed,  are  parallel.  Although  this  is  not  strictly  true,  they 
make  an  approach  to  parallelism,  for  the  same  reason  that  sediment 
is  usually  deposited  at  first  in  nearly  horizontal  layers.  The  reason 
of  this  arrangement  can  by  no  means  be  attributed  to  an  original 
evenness  or  horizon tality  in  the  bed  of  the  sea  ;  for  it  is  ascertained 
that  in  those  places  where  no  matter  has  been  recently  deposited,  the 
bottom  of  the  ocean  is  often  as  uneven  as  that  of  the  dry  land,  having 
in  like  manner  its  hills,  valleys,  and  ravines.  Yet  if  the  sea  should 
sink,  or  the  water  be  removed  near  the  mouth  of  a  large  river  where 
a  delta  has  been  forming,  we  should  see  extensive  plains  of  mud  and 
sand  laid  dry,  which,  to  the  eye,  would  appear  perfectly  level,  al- 
though, in  reality,  they  would  slope  gently  from  tlie  land  towards 
the  sea. 

This  tendency  in  newly-formed  strata  to  assume  a  horizontal 
position  arises  principally  from  the  motion  of  the  water,  which  forces 
along  particles  of  sand  or  mud  at  the  bottom,  and  causes  them  to 
settle  in  hollows  or  depressions,  where  they  are  less  exposed  to  the 
force  of  a  current  than  when  they  are  resting  on  elevated  points. 
The  velocity  of  the  current  and  the  motion  of  the  superficial  waves 
diminish  from  the  surface  downwards,  and  are  least  in  those  depres- 
sions where  the  water  is  deepest. 

A  good  illustration  of  the  principle  here  alluded  to  may  be 
sometimes  seen  in  the  neighbourhood  of  a  volcano,  when  a  section, 
whether  natural  or  artificial,  has  laid  open  to  view  a  succession  of 
various-coloured  layers  of  sand  and  ashes,  which  have  fallen  in 
showers  upon  uneven  ground.  Thus  let  A  B  (fig.  1.)  be  two 
ridges,  with  an  intervening  valley.  These  original  inequalities  of 
the  surface  have  been  gradually  effaced  by  beds  of  sand  and  ashes 
c,  i/,  e,  the  surface  at  e  being  quite  level.  It  will  be  seen  that 
although  the  materials  of  the  first  layers  have  accommodated 
p,^  ,,  themselves  in  a  great  degree   to   the 

shape  of  the  ground  A  B,  yet  each  bed 
is  thickest  at  the  bottom.  At  first  a 
great  many  particles  would  be  carried 
by  their  own  gravity  down  the  steep 
sides  of  A  and  B,  and  others  would  afterwards  be  blown  by  the  wind 
as  they  fell  off  the  ridges,  and  would  settle  in  the  hollow,  which 
would  thus  become  more  and  more  effaced  as  the  strata  accumulated 
from  c  to  e.  This  levelling  operation  may  perhaps  be  rendered  more 
clear  to  the  student  by  supposing  a  number  of  parallel  trenches  to  be 
dug  in  a  plain  of  moving  sand,  like  the  African  desert,  in  which  case 
the  wind  would  soon  cause  all  signs  of  these  trenches  to  disappear, 
and  the  surface  would  be  as  uniform  as  before.    Now,  water  in 


16 


DIAGONAL   OR   CBOSS  STRATIFICATION. 


[Ch.  IL 


motion  C4in  exert  this  levelliDg  power  on  similar  materials  more 
easily  than  air,  for  almost  all  stones  lose  in  water  more  than  a  third 
of  the  weight  which  they  have  in  air,  the  specific  gravity  of  rocks 
being  in  general  as  2^  when  compared  to  that  of  water,  which  is 
estimated  at  1.  But  the  buoyancy  of  sand  or  mud  would  be  still 
greater  in  the  sea,  as  the  density  of  salt  water  exceeds  that  of  fi*esh. 

Yet,  however  uniform  and  horizontal  may  be  the  surface  of  new 
deposits  in  general,  there  are  still  many  disturbing  causes,  such  as 
eddies  in  the  water,  and  currents  moving  first  in  one  and  then  in 
another  direction,  which  frequently  cause  irregularities.  We  may 
sometimes  follow  a  bed  of  limestone,  shale,  or  sandstone,  for  a 
distance  of  many  hundred  yards  continuously ;  but  we  generally  find 
at  length  that  each  individual  stratum  thins  out,  and  allows  the  beds 
which  were  previously  above  and  below  it  to  meet.  If  the  materials 
are  coarse,  as  in  grits  and  conglomerates,  the  same  beds  can  rarely 
be  traced  many  yards  without  varying  in  size,  and  often  coming  to 
on  end  abruptly.     (See  ^g,  2.) 

Fig.  2. 


Section  of  strata  of  sandstone,  grit,  and  conglomerate. 

Diagonal  or  Cross  Stratification, — There  is  also  another  phe- 
nomenon of  frequent  occurrence.  We  find  a  serjes  of  larger  strata, 
each  of  which  is  composed  of  a  number  of  minor  layers  placed 

Fig.  3. 


Section  of  sand  at  Sandy  Hill,  near  Bigsleswade,  Bedfordshire. 
Height  30  feet.    (Green-sand  formation.) 

obliquely  to  the  general  planes  of  stratification.  To  this  diagonal 
arrangement  the  name  of  "  false  or  cross  stratification "  has  been 
given.     Thus  in  the  annexed  section  (fig.  3.)  we  see  seven  or  eight 
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large  beds  of  loose  sand,  jellow  and  brown,  and  the  lines  a,  6,  e^ 
mark  some  of  the  principal  planes  of  stratification,  which  are  nearly 
horizontaL  But  the  greater  part  of  the  subordinate  laminas  do  not 
conform  to  these  planes,  but  have  often  a  steep  slope,  the  inclination 
being  sometimes  towards  opposite  points  of  the  compass.  When  the 
sand  is  loose  and  incoherent,  as  in  the  case  here  represented,  the 
deviation  from  parallelism  of  the  slanting  laminas  cannot  possibly  be 
accounted  for  by  any  re-arrangement  of  the  particles  acquired  during 
the  consolidation  of  the  rock.  In  what  mannct  then  can  such 
irregularities  be  due  to  original  deposition  ?  We  must  suppose  that 
at  the  bottom  of  the  sea,  as  well  as  in  the  beds  of  rivers,  the  motions 
of  waves,  currents,  and  eddies  often  cause  mud,  sand,  and  gravel  to 
be  thrown  down  in  heaps  on  particular  spots,  instead  of  being  spread 
out  uniformly  over  a  wide  area.  Sometimes,  when  banks  are  thus 
formed,  currents  may  cut  passages  through  them,  just  as  a  river 
forms  its  bed.     Suppose  the  bank  A  (fig.  4.)  to  be  thus  formed  with 


Fi^.  4. 


a  steep  sloping  side,  and  the  water  being  in  a  tranquil  state,  the  layer 
of  sediment  No.  1.  is  thrown  down  upon  it,  conforming  nearly  to  its 
surface.  Afterwards  the  other  layers,  2,  3,  4,  may  be  deposited  in 
succession,  so  that  the  bank  B  C  D  is  formed.  If  the  current  then 
increases  in  velocity,  it  may  cut  away  the  upper  portion  of  this  mass 
down  to  the  dotted  line  e  (fig.  4.),  and  deposit  the  materials  thus 
removed  farther  on,  so  as  to  form  the  layers  5,  6,  7,  8.  We  have 
now  the  bank  B  C  D  £  (fig,  5.),  of  w^hich  the  surface  is  almost  level, 

Fig.  5. 


Fig.  6. 


and  on  which  the  nearly  horizontal  layers  9,  10,  11,  may  then 
accumulate.  It  was  shown  in  fig.  3.  that  the  diagonal  layers  of 
successive  strata  may  sometimes  have  an  opposite  slope.  This  is 
well  seen  in  some  clifis  of  loose  sand  on  the  Suffolk  coast.     A  portion 

of  one  of  these  is  represented  in 
^g,  6.,  where  the  layers,  of  which 
there  are  about  six  in  the  thick- 
ness of  an  inch,  are  composed  of 
quartzosc  grains.  This  arrange- 
ment may  have  been  due  to  the 
altered  direction  of  the  tides  and 
Cliff  between  Miimer  and  Dunwicb.         currents  in  the  Same  place. 
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The  description  above  given  of  the  slanting  position  of  the  minor 
layers  constituting  a  single  stratum  is  in  certain  cases  applicable  on  a 
much  grander  scale  to  masses  several  hundred  feet  thick,  and  manj 
miles  in  extent.  A  fine  example  may  be  seen  at  the  base  of  the 
Maritime  Alps  near  Nice.  The  mountains  here  terminate  abruptly 
in  the  sea,  so  that  a  depth  of  many  hundred  fathoms  is  often  found 
within  a  stone's  throw  of  the  beach,  and  sometimes  a  depth  of  3000 
feet  within  half  a  mile.  But  at  certain  points,  strata  q£  sand,  marl, 
or  conglomerate,  intervene  between  the  shore  and  the  mountains,  as 
in  the  annexed  fig.  (7.),  where  a  vast  succession  of  slanting  beds 

Monte  Cairo.  Fig.  7. 


Section  rrom  Monte  CaIto  to  the  fea  by  the  Talley  of  Magnan,  near  Nice. 

A.  Dolomite  and  sandstone.    (Green-sand  fonnatioo  ?) 

a,  b,  d.  Beds  of  graTel  and  sand. 

e.  Floe  uarl  and  sand  of  St.  Madeleine,  with  marine  shells. 

of  gravel  and  sand  may  be  traced  from  the  sea  to  Monte  Calvo,  a 
distance  of  no  less  than  9  miles  in  a  straight  line.  The  dip  of  these 
beds  is  remarkably  uniform,  being  always  southward  or  towards  the 
Mediterranean,  at  an  angle  of  about  25°.  They  are  exposed  to  view 
in  nearly  vertical  precipices,  varying  from  200  to  600  feet  in  height, 
which  bound  the  valley  through  which  the  river  Magnan  fiows. 
Although  in  a  general  view^  the  strata  appear  to  be  parallel  and 
uniform,  they  are  nevertheless  found,  when  examined  closely,  to  be 
wedge-shaped,  and  to  thin  out  when  followed  for  a  few  hundred  feet 
or  yards,  so  that  we  may  suppose  them  to  have  been  thrown  down 
originally  upon  the  side  of  a  steep  bank,  where  a  river  or  alpine 
torrent  discharged  itself  into  a  deep  and  tranquil  sea,  and  formed  a 
delta,  which  advanced  gradually  from  the  base  of  Monte  Calvo  to  a 
distance  of  9  miles  from  the  original  shore.  If  subsequently  this 
part  of  the  Alps  and  bed  of  the  sea  were  raised  700  feet,  the  coast 
would  acquire  its  present  configuration,  the  delta  would  emerge,  and 
a  deep  channel  might  then  be  cut  through  it  by  a  river. 

It  is  well  known  that  the  torrents  and  streams,  which  now  descend 
from  the  alpine  declivities  to  the  shore,  bring  down  annually,  when 
the  snow  melts,  vast  quantities  of  shingle  and  sand,  and  then,  as  they 
subside,  fine  mud,  while  in  summer  they  are  nearly  or  entirely  dry ; 
so  that  it  may  be  safely  assumed,  that  deposits  like  those  of  the  valley 
of  the  Magnan,  consisting  of  coarse  grafel  alternating  with  fine 
sediment,  are  still  in  progress  at  many  points,  as,  for  instance,  at  the 
mouth  of  the  Yar.  They  must  advance  upon  the  Mediterranean  in 
the  form  of  great  shoals  terminating  in  a  steep  talus ;  such  being  the 
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original  mode  of  accumulatioD  of  all  coarse  materials  conveyed  into 
deep  water,  eepecialljr  where  they  are  composed,  in  great  part,  of 
pebbles,  which  cannot  be  transported  to  indefinite  distances  by  cur- 
rentA  of  moderate  velocity.  By  inattention  to  facts  and  inrerences 
of  this  kind,  a  very  exaggerated  estimate  has  sometimes  been  made 
of  the  supposed  depth  of  the  ancient  ocean.  There  can  be  no  doubt, 
for  example,  that  the  strata  a,  fig.  7.,  or  those  nearest  to  Monte 
CbIto,  are  older  than  those  indicated  by  h,  and  these  again  were 
formed  before  e ;  but  tlie  vertical  depth  of  gravel  and  sand  in  any 
one  place  cannot  be  proved  to  amount  even  to  1000  feet,  altliough 
it  may  perhaps  be  much  greater,  yet  probably  never  exceeding  at 
any  point  3000  or  4000  feet.'  But  were  we  to  assume  tbat  all  the 
strata  were  once  horizontal,  and  that  their  present  dip  or  inclination 
was  due  to  subsequent  movements,  we  should  then  be  forced  to  con- 
clude, that  a  sea  9  miles  deep  had  been  filled  up  with  alternate  layers 
of  mud  and  pebbles  thrown  down  one  upon  another. 

In  the  locality  now  under  consideration,  situated  a  few  miles  to  the 
west  of  Nice,  there  are  many  geological  data,  the  details  of  which 
cannot  be  given  in  this  place,  all  leading  to  the  opinion,  that  when  the 
deposit  of  the  Magnan  was  formed,  the  shape  and  outline  of  the  alpine 
declivities  and  the  shore  greatly  resembled  what  we  now  behold  nt 
many  points  in  the  neighbourhood.  That  llie  beds  a,  h,  c,  d,  are  of 
comparatively  modern  date  is  proved  by  this  fact,  tbat  in  seams  of 
loamy  marl  intervening  between  the  pebbly  beds  are  fossil  shells, 
half  of  which  belong  to  species  now  living  in  the  Mediterranean. 

Sipph  mark. — The  ripple  mark,  so  common  on  the  surface  of 

sandstones  of  all  ages  (see  fig.  8.),  and  which  is  so  often  seen  on  the 
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sea-shore  at  low  tide,  seems  to  originate  in  the  drifting  of  materials 
along  the  bottom  of  the  water,  in  a  manner  very  similar  to  that  which 
may  explain  the  inclined  layers  above  described.  This  ripple  is  not 
entirely  confined  to  the  beach  between  high  and  low  water  mark,  but 
is  also  produced  on  sands  which  are  constantly  covered  by  water. 
Similar  undulating  ridges  and  furrows  may  also  be  sometimes  seen 
on  the  surface  of  drift  snow  and  blown  sand.  The  following  is  the 
manner  in  which  I  once  observed  the  motion  of  the  air  to  produce 
this  eflTect  on  a  large  extent  of  level  beach,  exposed  at  low  tide  near 
Calais.  Clouds  of  fine  white  sand  were  blown  from  the  neighbouring 
dunes,  so  as  to  cover  the  shore,  and  whiten  a  dark  level  surface  of 
sandy  mud,  and  this  fresh  covering  of  sand  was  beautifully  rippled. 
On  levelling  all  the  small  ridges  and  furrows  of  this  ripple  over  an 
area  several  yards  square,  I  saw  them  perfectly  restored  in  about  ten 
minutes,  the  general  direction  of  the  ridges  being  always  at  right 
angles  to  that  of  the  wind.  The  restoration  began  by  the  appearance 
here  and  there  of  small  detached  heaps  of  sand,  which  soon  lengthened 
and  joined  together,  so  as  to  form  long  sinuous  ridges  with  inter- 
vening furrows.  £ach  ridge  had  one  side  slightly  inclined,  and  the 
other  steep;  the  lee-side  being  always  steep,  as  &,  c, —  d^e;  the 
windward-side  a  gentle  slope,  as  a,  ^, — c,  dy  &g.  9.     When  a  gust 

Fig  9. 


of  wind  blew  with  sufficient  force  to  drive  along  a  cloud  of  sand,  all 
the  ridges  were  seen  to  be  in  motion  at  once,  each  encroaching  on 
the  furrow  before  it,  and,  in  the  course  of  a  few  minutes,  filling  the 
place  which  the  furrows  had  occupied.  The  mode  of  advance  was 
by  the  continual  drifting  of  grains  of  sand  up  the  slopes  a  b  and  c  dy 
many  of  which  grains,  when  they  arrived  at  b  and  c?,  fell  over  the 
scarps  b  c  and  d  e,  and  were  under  shelter  from  the  wind ;  so  that 
they  remained  stationary,  resting,  according  to  their  shape  and  mo- 
mentum, on  different  parts  of  the  descent,  and  a  few  only  rolling  to 
the  bottom.  In  this  manner  each  ridge  was  distinctly  seen  to  move 
slowly  on  as  often  as  the  force  of  the  wind  augmented.  Occasionally 
part  of  a  ridge,  advancing  more  rapidly  than  the  rest,  overtook  the 
ridge  immediately  before  it,  and  became  confounded  with  it,  thus 
causing  those  bifurcations  and  branches  which  are  so  common,  and 
two  of  which  are  seen  in  the  slab,  fig.  8.  We  may  observe  this 
configuration  in  sandstones  of  all  ages,  and  in  them  also,  as  now  on 
the  sea-coast,  we  may  often  detect  two  systems  of  ripples  interfering 
with  each  other ;  one  more  ancient  and  half  effaced,  and  a  newer  one, 
in  which  the  grooves  and  ridges  are  more  distinct,  and  in  a  different 
direction.  This  crossing  of  two  sets  of  ripples  arises  from  a  change 
of  wind,  and  the  new  direction  in  which  the  waves  are  thrown  on  the 
shore. 

The  ripple  mark  is  usually  an  indication  of  a  sea -beach,  or  of 
water  from  6  to  10  feet  deep,  for  the  agitation  caused  by  waves  even 
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during  storms  extends  to  a  very  slight  depth.  To  this  rule,  however, 
there  are  some  exceptions,  and  recent  ripple  marks  have  been  observed 
at  the  depth  of  60  or  70  feet.  It  has  also  been  ascertained  that  cur- 
rents or  large  bodies  of  water  in  motion  maj  disturb  mud  and  sand 
at  the  depth  of  300  or  even  450  feet.* 


CHAPTER  III. 

ARRANGEMENT   OF    FOSSILS   IN   STRATA FRESHWATER   AND   MARINE. 

Successive  deposition  indicated  by  fossils — Limestones  formed  of  corals  and  shells 

—  l^roofs  of  jptidual  increase  of  strata  derived  from  fossils — Serpula  attached  to 
spatangus — Wood  bored  by  teredina — Tripoli  and  semi-opal  formed  of  infusoria 

—  Chalk  derived  principally  from  organic  bodies — Distinction  of  freshwater  from 
marine  formations — Genera  of  freshwater  and  land  shells — liulcs  for  recognizing 
marine  testacea  —  Gyrogonitc  and  chara — Freshwater  fishes — Alternation  of 
marine  and  freshwater  deposits — Lym-Fiord. 

Having  in  the  last  chapter  considered  the  forms  of  stratification  so 
far  as  they  are  determined  by  the  arrangement  of  inorganic  matter, 
we  may  now  turn  our  attention  to  the  manner  in  which  organic 
remains  are  distributed  through  stratified  deposits.  We  should  often 
be  unable  to  detect  any  signs  of  stratification  or  of  successive  deposi- 
tion, if  particular  kinds  of  fossils  did  not  occur  here  and  there  at  ccr 
tain  depths  in  the  mass.  At  one  level,  for  example,  univalve  shells 
of  some  one  or  more  species  predominate  ;  at  another,  bivalve  shells  ; 
and  at  a  third,  corals ;  while  in  some  formations  we  find  layers  of 
vegetable  matter,  commonly  derived  from  land  plants,  separating 
strata. 

It  may  appear  inconceivable  to  a  beginner  how  mountains,  several 
thousand  feet  thick,  can  have  become  filled  with  fossils  from  top  to 
bottom  ;  but  the  difficulty  is  removed,  when  he  reflects  on  the  origin 
of  stratification,  as  explained  in  the  last  chapter,  and  allows  sufficient 
time  for  the  accumulation  of  sediment.  He  must  never  lose  sight  of 
the  fact  that,  during  the  process  of  deposition,  each  separate  layer 
was  once  the  uppermost,  and  covered  immediately  by  the  water  in 
which  aquatic  animals  lived.  Each  stratum,  in  fact,  however  far  it 
may  now  lie  beneath  the  surface,  was  once  in  the  state  of  shingle,  or 
loose  sand  or  soft  mud  at  the  bottom  of  the  sea,  in  which  shells  and 
other  bodies  easily  became  enveloped. 

By  attending  to  the  nature  of  these  remains,  we  are  often  enabled 
to  determine  whether  the  deposition  was  slow  or  rapid,  whether  it 
took  place  in  a  deep  or  shallow  sea,  near  the  shore  or  far  from  land, 
and  whether  the  water  was  salt,  brackish,  or  fresh.    Some  limestones 

*  Sian.  Edin.  New  Phil.  Joom.  vol.  xxx\, ;  and  Darwin,  Vole.  Islands,  p.  1 34. 

C  3 


22 


OBADUAL  DEPOSITIOK 


[CB.III. 


consist  ftlmost  exclus'iTelj  of  corals,  and  in  man/  cases  it  is  erideot 
that  tli«  present  position  of  each  fossil  zoophyte  lias  been  determined 
hy  the  manner  in  which  it  grew  originally.  The  axis  of  the  coral,' 
for  example,  if  its  natural  growth  is  erect,  still  remains  at  right  angles 
to  the  plane  of  stratilication.  If  the  stratum  he  now  horizontal,  the 
round  spherical  heads  of  certain  species  continue  uppermost,  and 
their  points  of  attachment  are  directed  downwards.  This  arrange- 
ment is  sometimes  repeated  throughout  a  great  succession  of  strata. 
From  what  we  know  of  the  growtli  of  similar  zoophytes  in  modem 
reefs,  we  infer  that  the  rate  of  increase  was  extremely  slow,  and  some 
of  the  fossils  must  have  flourished  for  ages  like  forest  trees,  before  they 
attained  so  large  a  size.  During  these  ages,  the  water  remained  clear 
and  transparent,  for  such  corals  cannot  live  in  turbid  water. 

In  like  manner,  when  we  see  thousands  of  full-grown  shells  dis- 
persed every  where  throughout  a  long  series  of  strata,  we  cannot 
doubt  that  time  was  required  for  the  multiplication  of  successive 
generations  ;  and  the  evidence  of  slow  accumulation  is  rendered  more 
striking  from  the  proofs,  so  often  discovered,  of  fossil  bodies  baring 
lain  for  a  time  on  the  floor  of  the  ocean  after  death,  before  they  were 
imbedded  in  sediment.  Nothing,  fur  example,  is  more  common  than 
to  see  fossil  oysters  in  clny,  with  eerpuloi,  or  barnacles  (acorn -shells), 
or  corals,  and  other  creatures,  attached  to  the  inside  of  the  ralres,  so 
that  the  moUusk  was  certainly  not  buried  in  argillaceous  mud  the 
moment  it  died.  There  most  have  been  an  interval  during  which  it 
was  still  surrounded  with  clear  water,  when  the  testacea,  now  adher- 
ing to  it,  grew  from  an  emhryo  state  to  full  maturity.  Attached 
shells  which  are  merely  external,  like  some  of  the  serpuls  (a)  in 
the  annexed  figure  (fig.  10.),  mny  often  have  grown  upon  an  oyster 
or  other  shell  while  the  animal 
within  was  still  living  ;  but  if  they 
are  found  on  the  inside,  it  could 
only  happen  after  the  death  of  the 
inhabitant  of  the  shell  which  affords 
the  support.  Thus,  in  fig.  10.,  it 
will  be  seen  that  two  serpulfe  have 
grown  on  the  interior,  one  of  them 
esftctly  on  the  place  where  the  ad- 
ductor muscle  of  the  Gryp&aa  (a 
kind  of  oyster)  was  fixed. 

Some  fossil  shells,  even  if  simply 
attached  to  ihe  ouUide  of  others, 
bear  full  testimony  to  the  conclu- 
sion above  alluded  to,  namely,  that 
an  interval  elapsed  between  the 
death  of  the  creature  to  whose  shell 
they  adhere,  and  the  burial  of  the 
same  in  mud  or  sand.  The  sea- 
urchins,  or  Echini,  so  abundant  in 
white  chalk,  afford  a  good  illustra- 
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tion.  It  is  well  known  that  these  aoimalB,  when  living,  are  invariably 
covered  with  numerous  epinea,  which  serve  as  organs  of  motion,  and 
ore  supported  hy  rows  of  tubercles,  which  last  are  oalj  seen  after  the 
death  of  the  sea-urchin,  when  the  spines  have  dropped  off.  In  fig.  12. 
a  living  species  of  Spatangua,  common  on  our  coast,  is  represented 


with  one  half  of  its  shell  stripped  of  the  spines.  In  lig.  11.  a  fossil 
of  the  same  genus  from  the  white  chalk  of  England  sliows  the  naked 
surface  which  the  individuals  of  this  fnmily  exhibit  when  denuded  of 
their  bristles.  The  full-grown  Serpula,  therefore,  which  now  adheres 
externally,  could  not  have  begun  to  grow  till  the  Spalangwa  had 
died,  and  the  spines  were  detached. 

!Now  the  scries  of  events  here  attested  by  a  single  fossil  may  be 
carried  a  step  farther.  Thus,  for  example,  we  often  meet  with  a  sea- 
urchin  in  the  chalk  (see  fig.  13.^  which  has  fixed  to  it  the  lower 
valve  of  a  Crania,  a  genus  of  bivalve  mollusca.  The  upper  valve 
(4,  ilg.  13.)  is  almost  invariably  wanting,  though 
occasionally  found  in  a  perfect  state  of  preservatioa 
in  white  chalk  at  some  distance.  In  this  case,  WO 
see  clearly  that  the  sea-urchin  first  lived  from  youth 
to  oge,  then  died  and  lost  its  spines,  which  were 
carried  away.  Then  the  young  Crania  adhered 
to  the  bared  shell,  grew,  and  perished  in  its  turn  ; 
,i  after  which  the  upper  valve  was  separated  from 
I,  the  lower  before  the  Echinus  became  enveloped  in 
"c^ifad^hU"  ■■    chalky  mud. 

It  may  be  well  to  mention  one  more  illustration  of  Ihe  manner  in 
which  single  fossils  may  sometimes  throw  light  on  a  former  state  of 
things,  both  in  the  bed  of  the  ocean  and  on  some  adjoining  land.  We 
meet  with  many  fragments  of  wood  bored  by  ship. worms  at  various 
depths  in  the  clay  on  which  London  is  built.  Entire  branches  and 
stems  of  trees,  several  feet  in  length,  are  sometimes  dug  out,  drilled 
nil  over  by  the  holes  of  these  borers,  the  tubes  and  sheila  of  the  mol- 
lusk  still  remaining  in  the  cylindrical  hollows.  In  fig.  15.  e,  a  re- 
presentation is  given  of  a  piece  of  recent  wood  pierced  by  the  Teredo 
navalii,  or  common  ship-worm,  which  deslroja  wooden  piles  and 
ships.  When  the  cylindrical  tube  d  has  been  extracted  from  the 
wood,  a  shell  is  seen  at  the  larger  extremity,  composed  of  two  pieces, 
as  shown  at  c.     In  like  manner,  a  piece  of  fossil  wood  (a,  fig.  14.) 
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has  been  perforated  by  an  animal  of  a  kindred  but  extinct  genus, 
called  Teredina  by  Lamnrck.  Tiie  calcareous  tube  of  this  tnollusk 
was  united  and  aa  it  were  soldered  on  to  the  Talvca  of  the  Bhell  (A ), 


which  therefore  cannot  be  detached  from  the  tube,  like  the  valves  of 
the  recent  Teredo.  The  wood  in  this  fossil  specimen  is  now  eon- 
verted  into  a  stony  mass,  a  mixture  of  clay  and  lime  ;  but  it  must 
once  have  been  buoyant  and  floating  in  the  sea,  when  the  Teredina 
lived  upon  it,  perforating  it  in  all  directions.  Again,  before  the 
infant  colony  settled  upon  the  drift  wood,  the  branch  of  a  tree  must 
have  been  floated  down  to  the  sea  by  a  river,  uprooted,  perhaps,  by  a 
flood,  or  torn  ofi*  and  cast  into  the  waves  by  the  wind :  and  thus  our 
thoughts  are  carried  back  to  a  prior  period,  when  the  tree  grew  for 
years  on  dry  land,  enjoying  a  fit  soil  and  climate. 

It  haa  been  already  remarked  that  there  are  rocks  in  the  interior 
of  continents,  at  various  depths  in  the  earth,  and  at  great  heights 
above  the  sea,  almost  entirely  made  up  of  the  remains  of  zoophytes 
and  tesiacea.  Such  masses  may  be  compared  to  modern  oyster-beds 
and  coral  reefs  ;  and,  like  them,  the  rate  of  increase  must  have  been 
extremely  gradual.  But  there  are  a  variety  of  stony  deposits  in  the 
earth's  cruat,  now  proved  to  have  been  derived  from  plants  and 
animals,  of  which  the  organic  origin  was  not  suspected  until  of  late 
years,  even  by  naturalists.  Great  surprise  was  therefore  created  by 
the  recent  discovery  of  Professor  Ehrenberg  of  Berlin,  that  a  certain 
kind  of  siliceous  atone,  called  tripoli,  was  entirely  composed  of  millions 
of  the  remains  of  organic  beings,  which  the  Prussian  naturalist  refers 
to  microscopic  infusoria,  but  which  some  others  believe  to  be  plants. 
They  abound  in  freshwater  lakes  and  ponds  in  England  and  other 
countries,  and  are  termed  diatomacea;  by  those  naturalists  who  believe 
in  their  vegetable  origin.    The  substance  alluded  to  has  long  been 
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well  known  in  the  arts,  being  used  in  the  form  of  powder  for  polisliing 
stones  and  metals.  It  haa  been  procured,  among  other  places,  from 
Bilin,  in  Bohemia,  where  a  single  stratum,  extending  over  a  wide 
area,  is  no  less  than  14  feet  thick.  Thia  slone,  when  examined  with 
a  powerful  microscope,  is  found  to  consist  of  the  siliceous  plates  or 
fruatules  of  the  obove-mentioned  diatomaceie,  united  together  without 
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any  Tisible  cement.  It  is  difficult  to  convey  an  idea  of  their  extreme 
minuteness;  but  Ehrenberg  estimates  that  in  the  Bilin  tripoli  there 
are  41,000  millions  of  individuals  of  the  GailloneUu  distant  (see 
fig.  17-)  in  every  cubic  incb,  which  weighs  about  220  grains,  or 
about  187  millions  in  a  single  grain.  At  every  stroke,  therefore, 
that  we  make  with  this  polishing  powder,  several  millions,  perhaps 
tens  of  millions,  of  perfect  fossils  are  crushed  to  atoms. 

The  remains  of  these  diatomaceae  are  of  pure  silex,  and  their  forms 
are  various,  but  very  marked  and  constant  in  particular  genera  and 
species.  Thus,  in  the 
family  Bacillaria  (see  fig. 
16.),  tlie  fossils  preserved 
in  tripoli  are  seen  to  ex- 
hibit the  same  divisions 
and  transverse  lines  which 
characterize  the  living  spe- 
cies of  kindred  form.  With 
these,  also,  ihe  siliceous 
spicuiffl  or  internal  sup- 
ports of  Ihe  freshwater 
sponge,  or  SpongiUa  of 
Lamarck,  are  sometimes  iu- 
termingled  (see  the  needle- 
shaped  bodies  in  fig.  20.). 
These  flinty  cases  and  spi- 
culie,  although  hard,  are 
very  fragile,  breaking  like 
glais,  and  are  therefore 
admirably  adapted,  when 
rubbed,  for  wearing  down 
into  a  fine  powder  fit  for 
polishing  the  surface  of 
metals. 

Besides  the  tripoli,  form- 
ed exclusively  of  the  fossils 
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above  described,  there  occurs  in  the  upper  part  of  the  great  stratum 
at  Bilin  another  heavier  and  more  compact  stone,  a  kind  of  semi- 
opal,  in  which  innumerable  parts  of  diatomaceae  and  spiculad  of  the 
Spongilla  are  filled  with,  and  cemented  together  bj,  siliceous  matter. 
It  is  supposed  that  the  siliceous  remains  of  the  most  delicate  dia- 
tomaceas  have  been  dissolved  by  water,  and  have  thus  given  rise  to 
this  opal  in  which  the  more  durable  fossils  are  preserved  like  insects 
in  amber.  This  opinion  is  confirmed  by  the  fact  that  the  organic 
bodies  decrease  in  number  and  sharpness  of  outline  in  proportion  as 
the  opaline  cement  increases  in  quantity. 

In  the  Bohemian  tripoli  above  described,  as  in  that  of  Planitz  in 
Saxony,  the  species  of  diatoroacese  (or  infusoria,  as  termed  by  Ehren- 
berg)  are  freshwater ;  but  in  other  countries,  as  in  the  tripoli  of  the 
Isle  of  France,  they  are  of  marine  species,  and  they  all  belong  to 
formations  of  the  tertiary  period,  which  will  be  spoken  of  hereafter. 

A  well-known  substance,  called  bog-iron  ore,  often  met  with  in 
peat-mosses,  has  also  been  shown  by  Ehrenberg  to  consist  of  innu- 
merable articulated  threads,  of  a  yellow  ochre  colour,  composed 
partly  of  flint  and  partly  of  oxide  of  iron.  These  threads  are  the 
cases  of  a  minute  microscopic  body,  called  GailloneUa  ferruginea 
(fig.  18.). 

it  is  clear  that  much  time  must  have  been  required  for  the  accu- 
mulation of  strata  to  which  countless  generations  of  diatomaceae  have 
contributed  their  remains ;  and  these  discoveries  lead  us  naturally  to 
suspect  that  other  deposits,  of  which  the  materials  have  usually  been 
supposed  to  be  inorganic,  may*  in  reality  have  been  derived  from 
microscopic  organic  bodies.  That  this  is  the  case  with  the  white 
chalk,  has  often  been  imagined,  this  rock  having  been  observed  to 
abound  in  a  variety  of  marine  fossils,  such  as  shells,  echini,  corals, 
sponges,  Crustacea,  and  fishes.  Mr.  Lonsdale,  on  examining,  in  Oct. 
1835,  in  the  museum  of  the  Greological  Society  of  London,  portions 
of  white  chalk  from  different  parts  of  England,  found,  on  carefully 
pulverizing  them  in  water,  that  what  appear  to  the  eye  simply  as 
white  grains  were,  in  fact,  well  preserved  fossils.  He  obtained  about 
a  thousand  of  these  from  each  pound  weight  of  chalk,  some  being 
fragments  of  minute  corallines,  others  entire  Foraminifera  and 
Cytherinae.  The  annexed  drawings  will  give  an  idea  of  the  beautiful 
forms  of  many  of  these  bodies.  The  figures  a  a  represent  their 
nsrtural  size,  but,  minute  as  they  seem,  the  smallest  of  them,  such  as 

Cytkerina  and  Foraminifera  from  the  chalk. 
Fig.  21.  Fig.  22.  Fig.  23.  Fig.  24. 
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Cylkerina.  Portion  of  Crittcllaria,  Jtoiaiina, 

Kodoraria. 

a,  fig.  24.,  are  gigantic  in  comparison  with  the  cases  of  diatomaccas 
before  mentioned.     It  has,  moreover,  been  lately  discorered  that  the 
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chambers  into  which  these  Foraminifera  are  divided  are  actually 
often  filled  with  thousands  of  well  preserved  organic  bodies,  which 
abound  in  everj  minute  grain  of  chalk,  and  are  especially  apparent 
in  the  white  coating  of  flints,  often  accompanied  by  innumerable 
needle-shaped  spicule  of  sponges.  After  reflecting  on  these  dis- 
coveries, we  are  naturally  led  on  to  conjecture  that,  as  the  formless 
cement  in  the  semi-opal  of  Bilin  has  been  derived  from  the  decom- 
position of  animal  and  vegetable  remains,  so  also  even  those  parts  of 
chalk  flints  in  which  no  organic  structure  can  be  recognized  may 
nevertheless  have  constituted  a  part  of  microscopic  animalcules. 

"  The  dost  we  tread  upon  was  once  alive  !** — Btbon. 

How  faint  an  idea  does  this  exclamation  of  the  poet  convey  of 
the  real  wonders  of  nature!  for  here  we  discover  proofs  that  the 
calcareous  and  siliceous  dust  of  which  hills  are  composed  has  not 
only  been  once  alive,  but  almost  every  particle,  albeit  invisible  to 
the  naked  eye,  still  retains  the  organic  structure  which,  at  periods 
of  time  incalculably  remote,  was  impressed  upon  it  by  the  powers 
of  life. 

Freshwater  and  marine  fossils.  —  Strata,  whether  deposited  in  salt 
or  fresh  water,  have  the  same  forms ;  but  the  imbedded  fossils  are 
very  different  in  the  two  cases,  because  the  aquatic  animals  which 
frequent  lakes  and  rivers  are  distinct  from  those  inhabiting  the  sea. 
In  the  northern  part  of  the  Isle  of  Wight  a  formation  of  marl  and 
limestone,  more  than  50  feet  thick,  occurs,  in  which  the  shells  are 
principally,  if  not  all,  of  extinct  species.  Yet  we  recognize  their 
freshwater  origin,  because  they  are  of  the  same  genera  as  those  now 
abounding  in  ponds  and  lakes,  either  in  our  own  country  or  in 
warmer  latitudes. 

In  many  parts  of  France,  as  in  Auvergne,  for  example,  strata  of 
limestone,  marl,  and  sandstone  are  found,  hundreds  of  feet  thick, 
which  contain  exclusively  freshwater  and  land  shells,  together  with 
the  remains  of  terrestrial  quadrupeds.  The  number  of  land  shells 
scattered  through  some  of  these  freshwater  deposits  is  exceedingly 
great ;  and  there  are  districts  in  Germany  where  the  rocks  scarcely 
contain  any  other  fossils  except  snail-shells  (helices);  as,  for 
instance,  the  limestone  on  the  left  bank  of  the  Rhine,  between 
Mayence  and  Worms,  at  Oppenheim,  Findheim,  Budenheim,  and 
other  places.  In  order  to  account  for  this  plienoraenon,  the  geologist 
has  only  to  examine  the  small  deltas  of  torrents  which  enter  the 
Swiss  lakes  when  the  waters  are  low,  such  as  the  newly-formed  plain 
where  the  Kander  enters  the  Lake  of  Thun.  He  there  sees  sand 
and  mud  strewed  over  with  innumerable  dead  land  shells,  which  have 
been  brought  down  from  valleys  in  the  Alps  in  the  preceding  spring, 
during  the  melting  of  the  snows.  Again,  if  we  search  the  sands  on 
the  borders  of  the  Rhine,  in  the  lower  part  of  its  course,  we  find 
countless  land  shells  mixed  with  others  of  species  belonging  to  lakes, 
stagnant  pools,  and  marshes.     These  individuals  have  been  washed 
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away  from  the  alluvial  plains  of  the  great  river  and  its  tributsries, 
some  from  mountainous  regions,  others  from  the  low  country. 

Although  freshwater  formations  are  often  of  grettt  thickness,  jet 
they  are  usually  very  limited  in  area  when  compared  to  marine 
deposits,  just  as  lakes  and  estnariea  are  of  small  dimensiona  in  com- 
parison with  seas. 

We  may  distinguish  a  freshwater  formation,  first,  by  the  absence 
of  many  fossils  almost  invariably  met  with  in  marine  strata.  For 
example,  there  are  no  sea-urchins,  no  corals,  and  scarcely  any 
zoopliytes  ;  no  chambered  shells,  such  as  the  nautilus,  nor  micro- 
scopic Foraminifera.  But  it  is  chiefly  by  attending  to  the  forms  of 
the  mollusca  that  we  are  guided  in  determining  the  point  in  question. 
In  a  freshwater  deposit,  the  number  of  individual  shells  is  often  as 
great,  if  not  greater,  than  in  a  marine  stratum  ;  but  there  is  a  smaller 
variety  of  species  and  gencrn.  This  might  be  anticipated  from  the 
fact  that  the  genera  and  species  of  recent  freshwater  and  land  shells 
are  few  when  contrasted  wiih  the  marine.  Thus,  the  genera  of  true 
mollusca  according  to  Blainville's  system,  excluding  those  of  extinct 
species  and  those  without  shells,  amount  to  about  200  in  number,  of 
which  the  terrestrial  and  fresliwiUer  genera  scarcely  form  more  than 

Almost  all  bivalve  shells,  or  those  of  acephalous  molluscs,  are 
marine,   about    ten  only   out   of   ninety   genera  being  freshwater. 


Among  these  last,  the  four  most  common  formii,  both  recent  i 
fossil,  are  Cyclas,   Cyrena,   Unio,  and  Anodoata  (see  figures); 


two  first  and  two  last  of  which  are  so  nearly  allied  as  to  pass  into 
each  other. 

*  See  S3mopt'H:  Table  in  BlaiaviUe's  MaloculogU. 


Uh.  ul]  faom  marine  fokmatioks.  29 

''l^'*'  Lamarck  divided  the  bivalve  moltusca  inta 

the  Dimyary,  or  those  having  two  large  mus- 
cular impressions  in  each  valve,  oa  a  £  in  the 
Cyclas,  fig.  25.,  and  the  Monomyary,  such  as 
the  oyster  and  scallop,  in  which  there  is  only 
one  of  these  impressions,  as  is  seen  in  fig.  30. 
Now,  as  none  of  these  last,  or  the  unimuscular 
bivalves,  are  freshwater,  we  may  at  once  pre- 
sume a  deposit  in  which  we  find  any  of  them 

cn»*mAi«™i,8ow.(o  or-  to  be  marine. 

««.,L«i.)upp,r.j«.LiM.       -j-jig  univalve  shells  most  characteristic  of 

freshwater  deposits  arc,  Planorbu,    Lymnea,   and  Paludina.  (Sea 


PlanoriiM  taoinplntlia :  Li/mnrit  IcMgltcaU  i 

lattW.    lilcofWlghl.  luiill.    iSnU. 

figures.)     But   to  these   are   occasionally  added   Phyta,    Sttccinea, 
Ancylug,  Vatvata,  Melanojitit,  Melanta,  and  Neritina.   (See  figures.) 

Fij.  M.  Fig.  3a.  Fig.  M.  Fig.  37. 


S>.^        ^  ^ 


In   regard    to  one    of    these,  the  Aneylut  (fig.  35.),   Mr.  Gray 
observes  that  it  sometimes  difiers  in  no  respect  from  the  marine 


Siphonaria,    except   in  the   animal.      The   shell,  however,  of  the 
Ancylui  is  usually  thinner.* 

•  Gray,  PhiL  Tnun,  IB3S,  p.  302. 
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Some  naturalists  iocluJe  .V-rifua  (fig.  42.)  and  the  marine 
Nerita  (Fig.  43.)  in  the  same  genu^  it  being  scarcelj  poaMble  to 

¥it**-  F«.  a.  n-  u 

distingaish  the  two  by  good  generic  cfavactera.  But,  as 
a  general  rule,  the  fluviatile  spectes  are  smaller,  smoother, 
and  more  globular  than  the  marine ;  and  ihej  hare  never, 
like  the  Nerita,  the  inner  margin  of  the  outer  lip  toothed 
or  crennlated.     (See  fig.  43.)  j 

A  few  genera,  among  which  CeritXiMm  (fig.  44.)  is  the  ] 
most  abundant,  are  common  both  to  rivers  and  the  sea, 
having  species  pecaliar  to  each.     Other  gen«a,  like  A»ri~       ^ 
tmla  (fig.  38.),  are  amphibioo?,  frequenting  marshes,  ofc-  r^S"^^ 
ciaDy  near  the  ack 

The  lerrestrial  shells  are  all  anivalvcs.  The  most  abundant 
gimera  among  these,  both  in  a  recent  and  fos&il  state,  are  Httix 
(fig.  45.;,  CyrUmtoma  (fig.  46.),  P^pa  (fig.  47.),  Oamtiiia  (fig.  43.X 


-«.        L.™.ai 

hmlimm*  (fig.  49.^  and  AekatuM  ;  which  two  last  are  nnrlj  allied 
and  pus  into  each  other. 

'lite  AmjmUaria  (fig.  50.)  is  another  genus  of  shells,  inhabiting 
f:!  tfi.  rivers  and  ponds  in  hot  countries.     Many  fossil 

^^^.  species  have  been  referred  to  this  genus,  but  they 

^PP^^^  have  been  found  cftiefly  in  marine  formations,  and 

^^^^^^^      are  suspected  by  some  conchologists  to  belong  to 
^^^HH^^     A'atica  and  olher  marine  genera. 
^^I^^^H         All  univalve  shells  of  land  and  freshwater  spe- 
^BJI^P      cies,  with  {he  exception  of  Mtlanoptit  (fig.  41. X 
Amamiurimri  ""^  Achatino,  ffhich  has  a  slight  indentaticm,  have 

irou ibe JiiBu.  entire  mouths;  and  this  circumstance  may  often 
serve  as  a  convenient  rule  for  distinguishing  freshwater  from  marine 
strata ;  since,  if  any  univalves  occur  of  which  the  mouths  are  not 
entire,  we  may  presume  that  the  formation  is  marine.  The  aper- 
ture is  said  to  be  entire  in  such  shells  as  the  Ampullaria  and  the 
land  shells  (figs.  45— 49.^  when  its  outline  is  not  interrupted 
by  an  indentation  or  notch,  such  as  that  seen  at  b  in  AnciUaria 
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(fig.  52.) ;  or  IB  not  prolonged  into  a  canal,  as  tbat  seen  at  a  in 
I^euTotoma  (fig.  51.). 

The  mouths  of  a  large  proportion  of  the  marine  nniralves  have 
these  notches  or  canals,  and  almost  all  such  species  are  caiuivorous  ; 


AmcOlarfa  tiilulala.    London  eStl- 

whereas  nearly  all  testacea  having  entire  mouths,  are  plant-eatera, 
whether  the  species  be  marine,  freshwater,  or  terrestrial. 

There  is,  however,  one  genus  which  affords  an  occasional  ex- 
ception to  one  of  the  above  rules.  The  Cerithium  (fig.  44.), 
although  provided  with  a  short  canal,  comprises  some  speciea  which 
inhabit  salt,  others  brackish,  and  others  fresh  water,  and  they  are 
said  to  be  all  plant-eatera. 

Among  the  fossils  very  common  in  freshwater  deposits  are  the 
shells  of  Cffpris,  a  minute  crustaceous  animal,  having  a  shell  much 
resembling  that  of  the  bivalve  mollusca.*  Many  minute  living 
species  of  this  genus  swarm  in  lakes  and  stagnant  pools  in  Great 
Britain  ;  but  their  shells  are  not,  if  considered  separately,  conclusive 
as  to  the  freshwater  origin  of  a  deposit,  because  another  kindred 
genus  of  the  same  order,  the  Cytherina  of  Lamarck  (see  above, 
fig.  21.  p.  26.),  inhabits  salt  water;  and,  although  the  animal 
differs  slightly,  the  shell  is  undistinguishable  from  that  of  the 
Cyprit. 

The  seed-vessels  of  Chara,  a  genus  of  aquatic  plants,  are  very 
frequent  in  freshwater  strata.  These  seed-vesseta  were  called, 
before  their  true  nature  was  known,  gyrogonites,  and  were  supposed 
to  be  foraminiferouB  shells.     (See  fig.  S3,  a.) 

The  Chara  inhabit  the  bottom  of  lakes  and  ponds,  and  flourish 
mostly  where  the  water  is  charged  with  carbonate  of  lime.  Their 
seed-vessels  are  covered  with  a  very  tough  integument,  capable  of 
resisting  decomposition ;  to  which  circumstance  we  may  attribute 
their  abundance  in  a  fossil  state.  The  annexed  figure  (fig.  54.) 
represents  a  branch  of  one  of  many  new  species  found  by  Professor 
Amici  in  the  lakes  of  northern  Italy.  The  seed-vessel  in  this  plant 
is  more  globular  than  in  the  British  Charts,  and  therefore  more 
Dearly  resembles  in  form  the  extinct  fossil  species  found  in  England, 

e  below,  Cbap.  XVI.,  and  flgs.  of  fossils,  ace 
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France,  and  other  countries.     The  stems,  as  well  as  the  seed-vessels, 
of  these   plants  occur  both  in  modern  shell  marl  and  in  ancient 


Fig.  53. 


Fig.  54. 


Chara  mfdicaginula  ; 
foMil.     Iile  of  Wight. 

a.  Seed-vessel, 

magnified  20 
diameters. 

b.  Stem,  magnified. 


Chara  elattica  ;  recent    Italy. 

a.  Sessile  seed-vessel  between  the  division  of 

the  leaves  of  the  female  plant. 

b.  Transverse  section  of  a  branch,  with  five 

seed-vessels  magnified,  seen  from  below 
upwards. 


freshwater  formations.  They  are  generally  composed  of  a  large 
tube  surrounded  bj  smaller  tubes ;  the  whole  stem  being  divided  at 
certain  intervals  by  transverse  partitions  or  joints.     (See  ft,  fig.  53.) 

It  is  not  uncommon  to  meet  with  layers  of  vegetable  matter, 
impressions  of  leaves,  and  branches  of  trees,  in  strata  containing 
freshwater  shells ;  and  we  also  find  occasionally  the  teeth  and  bones 
of  land  quadrupeds,  of  species  now  unknown.  The  manner  in 
which  such  remains  are  occasionally  carried  by  rivers  into  lakes, 
especially  during  floods,  has  been  fully  treated,  of  in  the  "Principles 
of  Geology."* 

The  remains  of  fish  are  occasionally  useful  in  determining  the 
freshwater  origin  of  strata.  Certain  genera,  such  as  carp,  perch, 
pike,  and  loach  {Cyprinus,  Perca,  Esox,  and  Cobitis\  as  also  LebiaSy 
being  peculiar  to  freshwater.  Other  genera  contain  some  freshwater 
and  some  marine  species,  as  Cotltis,  Mugily  and  AnguiUay  or  eel. 
The  rest  are  either  common  to  rivers  and  the  sea,  as  the  salmon  ;  or 
are  exclusively  characteristic  of  salt  water.  The  above  observa- 
tions respecting  fossil  fishes  are  applicable  only  to  the  more 
modern  or  tertiary  deposits  ;  for  in  the  more  ancient  rocks  the 
forms  depart  so  widely  from  those  of  existing  fishes,  that  it  is  very 
difficult,  at  least  in  the  present  state  of  science,  to  derive  any  positive 
information  from  icthyolites  respecting  the  element  in  which  strata 
were  deposited. 

The  alternation  of  marine  and  freshwater  formations,  both  on  a 
small  and  large  scale,  are  facts  well  ascertained  in  geology.  When 
it  occurs  on  a  small  scale,  it  may  have  arisen  from  the  alternate 
occupation  of  certain  spaces  by  river  water  and  the  sea ;  for  in  the 
flood  season  the  river  forces  back  the  ocean  and  freshens  it  over  a 
large  area,  depositing  at  the  same  time  its  sediment ;  after  which  the 
salt  water  again  returns,  and,  on  resuming  its  former  place,  brings 
with  it  sand,  mud,  and  marine  shells. 

♦  Sec  Iiid<^  of  Principles,  "  Fossilization." 
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There  are  also  lagoons  at  the  mouths  of  many  rivers,  as  the  Nile 
and  Mississippi,  which  are  divided  off  by  bars  of  sand  from  the  sea, 
and  which  are  filled  with  salt  and  fresh  water  by  turns.  They  often 
communicate  exclusively  with  the  river  for  months,  years,  or  even 
centuries ;  and  then  a  breach  being  made  in  the  bar  of  sand,  they 
are  for  long  periods  filled  with  salt  water. 

The  Lym-Fiord  in  Jutland  offers  an  excellent  illustration  of 
analogous  changes ;  for,  in  the  course  of  the  last  thousand  years,  the 
western  extremity  of  this  long  frith,  which  is  120  miles  in  length, 
including  its  windings,  has  been  four  times  fresh  and  four  times 
salt,  a  bar  of  sand  between  it  and  the  ocean  having  been  as  often 
formed  and  removed.  The  last  irruption  of  salt  water  happened  in 
1824,  when  the  North  Sea  entered^  killing  all  the  freshwater  shells, 
fish,  and  plants;  and  from  that  time  to  the  present,  the  sea-weed 
Fucus  vesiculosusy  together  with  oysters  and  other  marine  mol- 
lusca,  have  succeeded  the  Cyclas,  Lymnea^  PaludinOy  and  Chara,* 

But  changes  like  these  in  the  Lym-Fiord,  and  those  before  men- 
tioned as  occurring  at  the  mouths  of  great  rivers,  will  only  account 
for  some  cases  of  marine  deposits  of  partial  extent  resting  on  fresh- 
water strata.  When  we  find,  as  in  the  south-east  of  England,  a 
great  series  of  freshwater  beds,  1000  feet  in  thickness,  resting  upon 
marine  formations,  and  again  covered  by  other  rocks,  such  as  the 
cretaceous,  more  than  1000  feet  thick,  and  of  deep-sea  origin,  we 
shall  find  it  necessary  to  seek  for  a  different  explanation  of  the  phe- 
nomena.f 


CHAPTER  IV. 

CONSOLroATION  OP   STRATA  AND  PETRIFACTION   OF   FOSSILS. 

Chemical  and  mechanical  deposits — Cementing  together  of  particles — Hardening 
by  exposure  to  air — Concretionary  nodules — Consolidating  effects  of  pressure— 
Mineralization  of  organic  remains — Impressions  and  casts  how  formed — Fossil 
wood  —  Goppert's  experiments — Precipitation  of  stony  matter  most  rapid  where 
putrefaction  is  going  on — Source  of  lime  in  solution — Silex  derived  from  de- 
composition of  felspar  —  Proofs  of  the  lapidification  of  some  fossils  soon  after 
burial,  of  others  when  much  decayed. 

Having  spoken  in  the  preceding  chapters  of  the  characters  of  sedi- 
mentary formations,  both  as  dependent  on  the  deposition  of  inorganic 
matter  and  the  distribution  of  fossils,  I  may  next  treat  of  the  con- 
solidation of  stratified  rocks,  and  the  petrifaction  of  imbedded 
organic  remains. 

Chemical  and  mechanical  deposits, — A  distinction  has  been  made 

♦  See  Principles,  Index,  **  Lym-Fiord.** 

t  See  below,  Chap.  XVIIL,  on  the  Wealden. 
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by  geologists  between  deposits  of  a  chemical,  and  those  of  a  me- 
chanical, origin.  By  the  latter  name  are  designated  beds  of  mud, 
sand,  or  pebbles  produced  by  the  action  of  running  water,  aUp  ac- 
cumulations of  stones  and  scorise  thrown  out  by  a  volcano,  wliich 
have  fallen  into  their  present  place  by  the  force  of  gravitation.  But 
the  matter  which  forms  a  chemical  deposit  has  not  been  mechanically 
suspended  in  water,  but  in  a  state  of  solution  until  separated  by 
chemical  action.  In  this  manner  carbonate  of  lime  is  often  precipi- 
tated upon  the  bottom  of  lakes  and  seas  in  a  solid  form,  as  may  be 
well  seen  in  many  parts  of  Italy,  where  mineral  springs  abound,  and 
where  the  calcareous  stone,  called  travertin,  is  deposited.  In  these 
springs  the  lime  is  usually  held  in  solution  by  an  excess  of  carbonic 
acid,  or  by  heat  if  it  be  a  hot  spring,  until  the  water,  on  issuing  from 
the  earth,  cools  or  loses  part  of  its  acid.  The  calcareous  matter  then 
falls  down  in  a  solid  state,  encrusting  shells,  fragments  of  wood  and 
leaves,  and  binding  them  together.* 

In  coral  reefs,  large  masses  of  limestone  are  formed  by  the  stony 
skeletons  of  zoophytes ;  and  these,  together  with  shells,  become  ce- 
mented together  by  carbonate  of  lime,  part  of  which  is  probably 
furnished  to  the  sea- water  by  the  decomposition  of  dead  corals. 
Even  shells  of  which  the  animals  are  still  living,  on  these  reefs,  are 
very  commonly  found  to  be  encrusted  over  with  a  hard  coating  of 
limestone.^ 

If  sand  and  pebbles  are  carried  by  a  river  into  the  sea,  and  these 
are  bound  together  immediately  by  carbonate  of  lime,  the  deposit 
may  be  described  as  of  a  mixed  origin,  partly  chemical,  and  partly 
mechanical. 

Now,  the  remarks  already  made  in  Chapter  U.  on  the  original 
horizon tality  of  strata  are  strictly  applicable  to  mechanical  deposits, 
and  only  partially  to  those  of  a  mixed  nature.  Such  as  are  purely 
chemical  may  be  formed  on  a  very  steep  slope,  or  may  even  encrust 
the  vertical  walls  of  a  fissure,  and  be  of  equal  thickness  throughout ; 
but  such  deposits  are  of  small  extent,  and  for  the  most  part  confined 
to  vein-stones. 

Cementing  of  particles. — It  is  chiefly  in  the  case  of  calcareous 
rocks  that  solidification  takes  place  at  the  time  of  deposition.  But 
there  are  many  deposits  in  which  a  cementing  process  comes  into 
operation  long  afterwards.  "We  may  sometimes  observe,  where  the 
water  of  ferruginous  or  calcareous  springs  has  flowed  through  a  bed 
of  sand  or  gravel,  that  iron  or  carbonate  of  lime  has  been  deposited 
in  the  interstices  between  the  grains  or  pebbles,  so  that  in  certain 
places  the  whole  has  been  bound  together  into  a  stone,  the  same  set 
of  strata  remaining  in  other  parts  loose  and  incoherent. 

Proofs  of  a  similar  cementing  action  are  seen  in  a  rock  at  Kello- 
way  in  Wiltshire.  A  peculiar  band  of  sandy  strata,  belonging  to  the 
group  called  Oolite   by  geologists,  may  be  traced  through  several 

♦  See  Principles,  Index,  "  Calcareoun  f  Ihid.  "  Travertin,"  "  Oral  Reefs," 
Springs,"  &c  &c. 
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counties,  the  sand  being  for  the  most  part  loose  and  unconsolidated, 
but  becoming  stony  near  Kelloway.  In  this  district  there  are  nu- 
merous fossil  shells  which  have  decomposed,  having  for  the  most 
part  left  only  their  casts.  The  calcareous  matter  hence  derived  has 
evidently  served,  at  some  former  period,  as  a  cement  to  the  siliceous 
grains  of  sand,  and  thus  a  solid  sandstone  has  been  produced.  If  we 
take  fragments  of  many  other  argillaceous  gi*its,  retaining  the  casts 
of  shells,  and  plunge  them  into  dilute  muriatic  or  other  acid,  we  see 
them  immediately  changed  into  common  ^and  and  mud  ;  the  cement 
of  lime,  derived  from  the  shells,  having  been  dissolved  by  the  acid. 

Traces  of  impressions  and  casts  are  often  extremely  faint  In 
some  loose  sands  of  recent  date  we  meet  with  shells  in  so  advanced 
a  stage  of  decomposition  as  to  crumble  into  powder  when  touched. 
It  is  clear  that  water  percolating  such  strata  may  soon  remove  the 
calcareous  matter  of  the  shell ;  and,  unless  circumstances  cause  the 
carbonate  of  lime  to  be  again  deposited,  the  grains  of  sand  will  not 
be  cemented  together ;  in  which  case  no  memorial  of  the  fossil  will 
remain.  The  absence  of  6rganic  remains  from  many  aqueous  rocks 
may  be  thus  explained ;  but  we  may  presume  that  in  many  of  them 
no  fossils  were  ever  imbedded,  as  there  are  extensive  tracts  on  the 
bottoms  of  existing  seas  even  of  moderate  depth  on  which  no  frag- 
ment of  shell,  coral,  or  other  living  creature  can  be  detected  by 
dredging.  On  the  other  hand,  there  are  depths  where  the  zero  of 
animal  life  is  reached ;  as,  for  example,  in  the  Mediterranean,  at  the 
depth  of  about  230  fathoms,  according  to  the  researches  of  Prof. 
E.  Forbes.  In  the  JEgean  Sea  a  deposit  of  yellowish  mud  of  a  very 
uniform  character,  and  closely  resembling  chalk,  is  going  on  in 
regions  below  230  fathoms,  and  this  formation  must  be  wholly 
devoid  of  organic  remains.* 

In  what  manner  silex  and  carbonate  of  lime  may  become  widely 
diffused  in  small  quantities  through  the  waters  which  permeate  the 
earth's  crust  will  be  spoken  of  presently,  when  the  petrifaction  of 
fossil  bodies  is  considered ;  but  I  may  remark  here  that  such  waters 
are  always  passing  in  the  case  of  thermal  springs  from  hotter  to 
colder  parts  of  the  interior  of  the  earth ;  and  as  often  as  the  tem- 
perature of  the  solvent  is  lowered,  mineral  matter  has  a  tendency  to 
separate  from  it  and  solidify.  Thus  a  stony  cement  is  often  supplied 
to  any  sand,  pebbles,  or  fragmentary  mixture.  In  some  conglo- 
merates, like  the  pudding-stone  of  Hertfordshire,  pebbles  of  flint 
and  grains  of  sand  are  united  by  a  siliceous  cement  so  flrmly,  that  if 
a  block  be  fractured  the  rent  passes  as  readily  through  the  pebbles  as 
through  the  cement. 

It  is  probable  that  many  strata  became  solid  at  the  time  when  they 
emerged  from  the  waters  in  which  they  were  deposited,  and  when 
they  first  formed  a  part  of  the  dry  land.  A  well-known  fact  seems 
to  confirm  this  idea :  by  far  the  greater  number  of  the  stones  used 
for  building  and  road-making  are  much  softer  when  first  taken  from 

♦  Report  Brit.  Ass.  1843,  p.  178. 
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i^^'tSn  ^  ^^'  '^^^  ^^^^  ^^^^  ^0"g  ^^Posed  to  the  air ,  and 
r/tiiJ  in    ''"''^  '  """"^  afterwards  be  immersed  for  any  length 

^irable  to7h^L\f '''!  ^<^om\ng  soft  again.     Hence  it  is  found 
whUe   tbP  ^  ^°^®  ^^^^^  *'®  *^  ^®  "^^^  '°  architecture 

"  Quarrv       f^^^"  ^^^  ^^^^  ^"^  ^^^   *"^  ^^^'®   ^^^^^  contain   their 
rcrndsW^"  ^*  ^^   ^  ^*  ^^  ^^^^^^  '  ^^  ^^  ^"^^^^  "P  ®*^"®  intended  for 

it  ma    hd  ^^^  *^^°  ^^^'^^  ^*  *^  ^^  ^^  *^®  ^^^  ^^'^  months  that 

ay  arden.  Such  induration  may  perhaps  be  accounted  for  by 
upposing  the  water,  which  penetrates  the  minutest  pores  of  rocks, 
to  deposit  on  evaporation  carbonate  of  lime,  iron,  silex,  and  other 
minerals  previously  held  in  solution,  and  thereby  to  fill  up  the  pores 
partially.  These  particles,  on  crystallizing,  would  not  only  be  them- 
selves deprived  of  freedom  of  motion,  but  would  also  bind  together 
other  portions  of  the  rock  which  before  were  loosely  aggregated. 
On  the  same  principle  wet  sand  and  mud  become  as  hard  as  stone 
when  frozen  ;  because  one  ingredient  of  the  mass,  namely,  the  water, 
has  crystallized,  so  as  to  hold  firmly  together  all  the  separate  par- 
ticles of  which  the  loose  mud  and  sand  were  composed. 

Dr.  MacCullocli  mentions  a  sandstone  in  Sky,  which  may  be 
moulded  like  dough  when  first  found ;  and  some  simple  minerals, 
which  are  rigid  and  as  hard  as  glass  in  our  cabinets,  are  often  flexible 
and  soft  in  their  native  beds ;  this  is  the  case  with  asbestos,  sahlite, 
tremolite,  and  chalcedony,  and  it  is  reported  also  to  happen  in  the  case 
.of  the  beryl.* 

The  marl  recently  deposited  at  the  bottom  of  Lake  Superior,  in 
North  America,  is  soft,  and  often  filled  with  freshwater  shells ;  but 
if  a  piece  be  taken  up  and  dried,  it  becomes  so  hard  that  it  can  only 
be  broken  by  a  smart  blow  of  the  hammer.  If  the  lake  therefore 
was  drained,  such  a  deposit  would  be  found  to  consist  of  strata  of 
marlstone,  like  that  observed  in  many  ancient  European  formations, 
and  like  them  containing  freshwater  shells.t 

It  is  probable  that  some  of  the  heterogeneous  materials  which 
rivers  transport  to  the  sea  may  at  once  set  under  water,  like  the  arti- 
ficial mixture  called  pozzolana,  which  consists  of  fine  volcanic  sand 
charged  with  about  20  per  cent,  of  oxide  of  iron,  and  the  addition  of 
a  small  quantity  of  lime.  This  substance  hardens,  and  becomes  a 
solid  stone  in  water,  and  was  used  by  the  Romans  in  constructing  the 
foundations  of  buildings  in  the  sea. 

Consolidation  in  these  cases  is  brought  about  by  the  action  of 
chemical  afiinity  on  finely  comminuted  matter  previously  suspended  in 
water.  After  deposition  similar  particles  seem  to  exert  a  mutual 
attraction  on  each  other,  and  congregate  together  in  particular  spots, 
forming  lumps,  nodules,  and  concretions.  Thus  in  many  argillaceous 
deposits  there  are  calcareous  balls,  or  spherical  concretions,  ranged 
in  layers  parallel  to  the  general  stratification  ;  an  arrangement  which 

♦  Dr.  MacCuUoch,  SystofGeoLvol.  i.  f  Princ.  of  Geol.,  Index,  "Superior, 
p.  123.  Lake." 
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took  place  after  the  shale  or  marl  had  been  thrown  down  in  succes- 
sive lamina; ;  for  these  laminae  are  often  traced  in  the  concretions, 
remaining  parallel  to  those  of  the  surrounding  unconsolidated  rock. 


Calcareous  nodules  in  Lias. 


Fig.  56.  (See  ^g.  55,)     Such  nodules  of  lime- 

stone have  often  a  shell  or  other  foreijrn 
body  in  the  centre.* 

Among  the  most  remarkable  ex- 
amples of  concretionary  structure  are 
those  described  by  Professor  Sedgwick 
as  abounding  in  the  magnesian  limestone  of  the  north  of  England. 
The  spherical  balls  are  of  various  sizes,  from  that  of  a  pea  to  a  dia- 
meter of  several  feet,  and  they  have  both  a  concentric  and  radiated 
structure,  while  at  the  same  time  the  laminae  of  original  deposition 
pass  uninterruptedly  through  them.  In  some  cliffs  this  limestone 
resembles  a  great  irregular  pile  of  cannon  balls.  Some  of  the  globular 
masses  have  their  centre  in  one  stratum,  while  a  portion  of  their 
exterior  passes  through  to  the  stratum  above  or  below.  Thus  the 
larger  spheroid  in  the  annexed  section  (fig.  56,)  passes  from  the  stratum 
Fig.  56.  b  upwards  into  a.     In  this  instance  we 

must  suppose  the  deposition  of  a  series 
of  minor  layers,  first  forming  the  stra- 
tum 6,  and  afterwards  the  incumbent 
stratum  a;  then  a  movement  of  the  par- 
tides  took  place,  and  the  carbonates  of 
lime  and  magnesia  separated  from  the 
more  impure  and  mixed  matter  forming  the  still  unconsolidated  parts 
of  the  stratum.  Crystallization,  beginning  at  the  centre,  must  have 
gone  on  forming  concentric  coats,  around  the  original  nucleus  without 
interfering  with  the  laminated  structure  of  the  rock. 

When  the  particles  of  rocks  have  been  thus  re-arranged  by  chemi- 
cal forces,  it  is  sometimes  difficult  or  impossible  to  ascertain  whether 
certain  linos  of  division  are  due  to  original  deposition  or  to  the  sub- 
sequent aggregation  of  similar  pai* tides.     Thus  suppose  three  strata 
F«gft7.  of  grit.  A,  B,  C,  are  charged  unequally 

with  calcareous  matter,  and  that  B  is  the 
most  calcareous.  If  consolidation  takes 
place  in  B,  the  concretionary  action  may 
spread  upwards  into  a  part  of  A,  where 
the  carbonate  of  lime  is  more  abundant  than  in  the  rest ;  so  that  a 
mass^  d,  e,  /,  forming  a  portion  of  the  superior  stratum,  becomes 
united  with  B  into  one  solid  mass  of  stone.  The  original  line  of 
division  d,  e,  being  thus  effaced,  the  line  d,  /,  would  generally  be 
considered  as  the  surface  of  the  bed  B,  though  not  strictly  a  true 
plane  of  stratification. 

Pressure  and  heat, — When  sand  and  mud  sink  to  the  bottom  of  a 
deep  sea,  the  particles  are  not  pressed  down  by  the  enormous  weight 


Spheroidal  concretions  in  magnesian 
limestone. 
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*  See  De  la  Beche's  Geological  Researches,  p.  95. 
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of  the  incumbent  ocean ;  for  the  water,  which  becomes  mingled  with 
the  sand  and  mud,  resists  pressure  with  a  force  equal  to  that  of  the 
column  of  fluid  above.  The  snme  happens  in  regard  to  organic 
remains  which  are  filled  with  water  under  great  pressure  as  they  sink, 
otherwise  they  would  be  immediately  crushed  to  pieces  and  flattened. 
Nevertheless,  if  the  materials  of  a  stratum  remain  in  a  yielding  state, 
and  do  not  set  or  solidify,  they  will  be  gradually  squeezed  down  by 
the  weight  of  other  materials  successively  heaped  upon  them,  just  as 
soft  clay  or  loose  sand  on  which  a  house  is  built  may  give  way.  By 
such  downward  pressure  particles  of  clay,  sand,  and  marl,  may  be- 
come packed  into  a  smaller  space,  and  be  made  to  cohere  together 
permanently. 

Analogous  eflects  of  condensation  may  arise  when  the  solid  parts 
of  the  earth's  crust  are  forced  in  various  directions  by  those  me- 
chanical movements  afterwards  to  be  described,  by  which  strata  have 
been  bent,  broken,  and  raised  above  the  level  of  the  sea.  Rocks  of 
Tnore  yielding  materials  must  often  have  been  forced  against  others 
previously  consolidated,  and,  thus  compressed,  may  have  acquired  a 
jiew  structure.  A  recent  discovery  may  help  us  to  comprehend  how 
fine  sediment  derived  from  the  detritus  of  rocks  may  be  solidified  by 
mere  pressure.  The  graphite  or  •*  black  lead  "  of  commerce  having 
become  vei*y  scarce,  Mr.  Brockedon  contrived  a  method  by  which  the 
dust  of  the  purer  portions  of  the  mineral  found  in  Borrowdale  might  be 
recomposed  into  a  mass  as  dense  and  compact  as  native  graphite. 
The  powder  of  graphite  is  first  carefully  prepared  and  freed  from  air, 
and  placed  under  a  powerful  press  on  a  strong  steel  die,  with  air-tight 
fittings.  It  is  then  struck  several  blows,  each  of  a  power  of  1000 
tons ;  after  which  operation  the  powder  is  so  perfectly  solidified  that 
it  can  be  cut  for  pencils,  and  exhibits  when  broken  the  same  texture 
as  native  graphite. 

But  the  action  of  heat  at  various  depths  in  the  earth  is  probably 
the  most  powerful  of  all  causes  in  hardening  sedimentary  strata.  To 
this  subject  I  shall  refer  again  when  treating  of  the  metamorphic 
rocks,  and  of  the  slaty  and  jointed  struct  lire. 

Mineralization  of  organic  remains.  —  The  changes  which  fossil 
organic  bodies  have  undergone  since  they  were  first  imbedded  in 
rocks,  throw  much  light  on  the  consolidation  of  strata.  Fossil  shells 
in  some  modern  deposits  have  been  scarcely  altered  in  the  course  of 
centuries,  having  simply  lost  a  part  of  their  animal  matter.  But  in 
other  cases  the  shell  has  disappeared,  and  left  an  impression  only  of 
its  exterior,  or  a  cast  of  its  interior  form,  or  thirdly,  a  cast  of  the 
shell  itself,  the  original  matter  of  which  has  been  removed.  These 
different  forms  of  fossilization  may  easily  be  understood  if  we  examine 
the  mud  recently  thrown  out  from  a  pond  or  canal  in  which  there  are 
shells.  If  the  mud  be  argillaceous,  it  requires  consistency  on  drying, 
and  on  breaking  open  a  portion  of  it  we  find  that  each  shell  has  left 
impressions  of  its  external  form.  If  we  then  remove  the  shell  itself, 
we  find  within  a  solid  nucleus  of  clay,  having  the  form  of  the  interior 
of  the  shell.     This  form  is  often  very  difllerent  from  that  of  the  outer 
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shell.  Thus  a  cast  such  as  a,  fig.  28.,  commoni;  called  a  fuasil 
screw,  woald  never  be  suspected  b^  an  inezperienced  coacbologist  to 
be  the  iaternnl  shape  of  the  fossil  univalve,  b.  fig  58.  Nor  should 
we  have  imsgiDed  at  first  sight  that  the  shell  a  and  the  cast  b,  fig.  59. 
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were  different  parts  of  the  same  fossil.  The  reader  will  observe  in 
the  lost -mentioned  figure  (b,  fig.  59.),  that  an  empty  space  shaded 
dark,  which  the  tliell  iUelf  once  occupied,  now  intervenes  between 
the  enveloping  stone  and  the  cast  of  the  smooth  interior  of  the  whorls. 
In  such  cases  the  shell  has  been  dissolved  and  tlie  component  par- 
ticles removed  hy  water  percolating  the  rock.  If  the  nucleus  were 
taken  out  a  hollow  mould  would  remain,  on  which  the  external  form 
of  the  shell  with  its  tubercles  and  strice,  as  seen  in  a,  fig.  59.,  would 
be  seen  embossed.  Now  if  the  space  alluded  to  between  the  nucleus 
and  the  impression,  instead  of  being  left  empty,  has  been  filled  up 
with  calcareous  spar,  flint,  pyrites,  or  other  mineral,  we  then  obtain 
from  the  mould  an  esnct  cast  both  of  the  external  and  internal  form 
of  the  original  shell.  In  this  manner  silicitied  caste  of  shells  have 
becQ  formed  ;  and  if  the  mud  or  sond  of  the  nucleus  happen  to  be  in- 
coherent, or  soluble  iu  acid,  we  can  then  procure  in  fiiut  an  empty 
shell,  which  in  shape  is  the  exact  counterpart  of  the  original.  This 
cast  may  be  compared  to  a  bronze  statue,  representing  merely  the 
superficial  form,  and  not  the  internal  organization ;  but  there  is 
another  description  of  petrifaction  by  no  means  uncommon,  and  of  a 
much  more  wonderful  kind,  which  may  be  compared  to  certoin  ana- 
tomical models  in  wax,  where  not  only  the  outward  forms  and  features^ 
but  the  nerves,  blood-vessels,  and  other  internal  organs  are  also 
shown.  Thus  we  find  corals,  originally  calcareous,  in  wliich  not  only 
the  general  shape,  but  also  the  minute  and  complicated  internal 
organization  are  retained  in  flint. 

iSuch  a  process  of  petrifaction  is  still  more  remarkably  exhibited 
in  fossil  wood,  in  which  we  often  perceive  not  only  the  rings  of 
annual  growth,  but  all  the  minute  vessels  and  medullary  rays. 
ALiny  of  the  minute  pores  and  fibres  of  plants,  and  even  those  spiral 
vessels  which  in  the  living  'vegetable  can  only  be  discovered  by 
the  microscope,  are  preserved.  Among  many  instances,  I  may 
mention  a  fossil  tree,  72  feet  in  length,  found  at  Gosforth  near 
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Newcastle,  in  sandstone  strata  associated  ir'Uh  cool.     B^  cutting  a 
transverse  slice  so  thin  as  to  transmit  light,  and  magnifying  it  about 
'  fifty-five  times,  the  texture  seen  in  fig.  60.  is  exhibited.     A  texture 
Pj    gji  equally  minute  and  complicated  has  been  ob- 

served in  the  wood  of  large  trunks  of  fossil 
trees  found  in  the  Craigleith  quarry  near 
Edinburgh,  where  the  stone  was  not  in  the 
slightest  degree  siliceous,  but  consisted  chiefly 
of  carbonate  of  lime,  with  oxide  of  iron,  alumina, 
and  carbon.  The  parallel  rows  of  vessels  here 
r.Lu.D  u.  ^  ..™  i.u.u  ...8  ^^^  ""^^  ^^^  rings  of  annual  growth,  but  in 
tr.Biiir.ts.mnr'ifin'- ovnh.  one  part  they  are  imperfectly  preserved,  the 
wood  having  probably  decayed  before  the 
mineralizing  matter  had  penetrated  to  that  portion  of  the  tree- 
In  attempting  to  explain  the  process  of  petrifaction  in  such  cases, 
we  may  fjrst  assume  that  strata  are  very  generally  permeated  by 
water  charged  with  minute  portions  of  calcareous,  siliceous,  and 
other  earths  in  solution.  In  what  manner  they  become  so  impreg- 
nated will  be  afterwards  considered.  If  an  organic  substance  is 
exposed  in  the  open  air  to  the  action  of  the  sun  and  rain,  it  will  in 
time  putrify,  or  be  dissolved  into  its  component  elements,  which 
consist  chiefly  of  oxygen,  hydrogen,  and  carbon.  These  will  readily 
be  absorbed  by  the  atmosphere  or  be  washed  away  by  rain,  so  that 
all  vestiges  of  the  dead  animal  or  plant  disappear.  But  if  the  same 
substances  be  submerged  in  water,  they  decompose  more  gradually  j 
and  if  buried  in  earth,  still  more  slowly,  as  in  the  familiar  example 
of  wooden  piles  or  other  buried  timber.  Now,  if  as  fast  as  each 
particle  is  set  free  by  putrefaction  in  a  fluid  or  gaseous  state,  a 
particle  equally  minute  of  carbonate  of  lime,  flint,  or  other  mineral, 
is  at  hand  and  ready  to  be  precipitated,  we  may  imagine  this 
inorganic  matter  to  take  the  place  just  before  left  unoccupied  by  the 
organic  mtdecule.  In  this  manner  a  cast  of  the  interior  of  certain 
vessels  may  first  be  taken,  and  afterwards  the  more  solid  walls  of  the 
same  may  decay  and  suffer  a  like  transmutation.  Yet  when  the 
whole  is  lapidified,  it  may  not  form  one  homogeneous  mass  of  stone 
or  metal.  Some  of  the  original  ligneous,  osseous,  or  other  organic 
elements  may  remain  mingled  in  certain  parts,  or  the  lapidifying 
substance  itself  may  be  differently  coloured  at  different  times,  or  so 
crystallized  as  to  reflect  light  differently,  and  thus  the  texture  of  the 
original  body  may  be  faithfully  exhibited. 

The  student  may  perhaps  asic  whether,  on  chemical  principles,  we 
have  any  ground  to  expect  that  mineral  matter  will  be  thrown  down 
precisely  in  those  spots  where  organic  decomposition  is  in  progress  ? 
The  following  curious  experiments  may  serve  to  illustrate  this  point. 
Professor  G(>ppert  of  Breslau  attempted  recently  to  imitate  the 
natural  process  of  petrifaction.  For  this  purpose  he  steeped  a  variety 
of  animal  and  vegetable  substances  in  waters,  some  holding  siliceous, 
others  calcareous,  others  metallic  matter  in  solution.  He  found  that 
in  the  period  of  a  few  weeks,  or  even  days,  the  organic  bodies  thus 
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immersed  were  mineralized  to  a  certain  extent.  Thus,  for  example, 
thin  vertical  slices  of  deal,  taken  from  the  Scotch  fir  {Pinus  syU 
vestris)y  were  immersed  in  a  moderately  strong  solution  of  sulphate 
of  iron.  When  thej  had  been  thoroughly  soaked  in  the  liquid  for 
several  days  they  were  dried  and  exposed  to  a  red-heat  until  the 
vegetable  matter  was  burnt  up  and  nothing  remained  but  an  oxide  of 
iron,  which  was  found  to  have  taken  the  form  of  the  deal  so  exactly 
that  even  the  dotted  vessels  peculiar  to  this  family  of  plants,  and 
resembling  those  in  Bg,  60.,  were  distinctly  visible  under  the  micro- 
scope. 

Another  accidental  experiment  has  been  recorded  by  Mr.  Pepys  in 
the  Geological  Transactions.*  An  earthen  pitcher  containing  several 
quarts  of  sulphate  of  iron  had  remained  undisturbed  and  unnoticed 
for  about  a  twelvemonth  in  the  laboratory.  At  the  end  of  this  time 
when  the  liquor  was  examined  an  oily  appearance  was  observed  on 
the  surface,  and  a  yellowish  powder,  which  proved  to  be  sulphur, 
together  with  a  quantity  of  small  hairs.  At  the  bottom  were  dis- 
covered the  bones  of  several  mice  in  a  sediment  consisting  of  small 
grains  of  pyrites,  others  of  sulphur,  others  of  crystallized  green 
sulphate  of  iron,  and  a  black  muddy  oxide  of  iron.  It  was  evident 
that  some  mice  had  accidentally  been  drowned  in  the  fluid,  and  by  the 
mutual  action  of  the  animal  matter  and  the  sulphate  of  iron  on  each 
other,  the  metallic  sulphate  had  been  deprived  of  its  oxygen  ;  hence 
the  pyrites  and  the  other  compounds  were  thrown  down.  Although 
the  mice  were  not  mineralized,  or  turned  into  pyrites,  the  pheno- 
nomenon  shows  how  mineral  waters,  charged  with  sulphate  of  iron, 
may  be  deoxydated  on  coming  in  contact  with  animal  matter  under- 
going putrefaction,  so  that  atom  after  atom  of  pyrites  may  be 
precipitated,  and  ready,  under  favourable  circumstances,  to  replace 
the  oxygen,  hydrogen,  and  carbon  into  which  the  original  body 
would  be  resolved. 

The  late  Dr.  Turner  observes,  that  when  mineral  matter  is  in  a 
"  nascent  state,"  that  is  to  say,  just  liberated  from  a  previous  state  of 
chemical  combination,  it  is  most  ready  to  unite  with  other  matter, 
and  form  a  new  chemical  compound.  Probably  the  particles  or 
atoms  just  set  free  are  of  extreme  minuteness,  and  therefore  move 
more  freely,  and  are  more  ready  to  obey  any  impulse  of  chemical 
affinity.  Whatever  be  the  cause,  it  clearly  follows,  as  before  stated, 
that  where  organic  matter  newly  imbedded  in  sediment  is  decom- 
posing, there  will  chemical  changes  take  place  most  actively. 

An  analysis  was  lately  made  of  the  water  which  was  flowing  off 
from  the  rich  mud  deposited  by  the  Hooghly  river  in  the  Delta  of 
the  Ganges  after  the  annual  inundation.  This  water  was  found  to 
be  highly  charged  with  carbonic  acid  gas  holding  lime  in  solution.^ 
Now  if  newly  deposited  mud  is  thus  proved  to  be  permeated  by 
mineral  matter  in  a  state  of  solution,  it  is  not  difficult  to  perceive 

»  Vol  i.  p.  399.  first  series. 
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that  decomposing  organic  bodies,  naturally  imbedded  in  sediment, 
may  as  readily  become  petrified  as  the  substances  artificially  im- 
mersed by  Professor  Goppert  in  various  fluid  mixtures. 

It  is  well  known  that  the  water  of  springs,  or  that  which  is 
continually  percolating  the  earth's  crust,  is  rarely  free  from  a  slight 
admixture  either  of  iron,  carbonate  of  lime,  sulphur,  flint,  potash,  or 
some  other  earthy,  alkaline,  or  metallic  ingredient.  Hot  springs  in 
particular  are  copiously  charged  with  one  or  more  of  these  elements  ; 
and  it  is  only  in  their  waters  that  silex  is  found  in  abundance.  In 
certain  cases,  therefore,  especially  in  volcanic  regions,  we  may 
imagine  the  flint  of  silicified  wood  and  corals  to  have  been  supplied 
by  the  waters  of  thermal  springs.  In  other  instances,  as  in  tripoli 
and  chBlk-flint,  it  may  have  been  derived  in  great  part,  if  not  wholly, 
from  the  decomposition  of  infusoria  or  diatomaceae,  sponges,  and  other 
bodies.  But  even  if  this  be  granted,  we  have  still  to  inquire  whence 
a  lake  or  the  ocean  can  be  constantly  replenished  with  the  calcareous 
and  siliceous  matter  so  abundantly  withdrawn  from  it  by  the  secre- 
tions of  these  zoophytes. 

In  regard  to  carbonate  of  lime  there  is  no  difficulty,  because  not 
only  are  calcareous  springs  very  numerous,  but  even  rain-water  has 
the  power  of  dissolving  a  minute  portion  of  the  calcareous  rocks  over 
which  it  flows.     Hence  marine  corals  and  mollusca  may  be  provided 
by  rivers  with  the  materials  of  their  shells  and  solid  supports.     But 
pure  silex,  even  when  reduced  to  the  finest  powder  and  boiled,  is 
insoluble  in  water,  except  at  very  high  temperatures.     Nevertheless 
Dr.  Turner  has  well  explained,  in  an  essay  on   the  chemistry  of 
geology  *,  how  the  decomposition  of  felspar  may  be  a  source  of  silex 
in  solution.     He  has  remarked  that  the  siliceous  earth,  which  con- 
stitutes more  than  half  the  bulk  of  felspar,  is  intimately  combined 
with  alumine,  potash,  and  some  other  elements.     The  alkaline  matter 
of  the  felspar  has  a  chemical   affinity  for  water,  as  also  for  the 
carbonic  acid  which  is  more  or  less  contained  in  the  waters  of  most 
springs.     The  water  therefore   carries   away  alkaline  matter,  and 
leaves  behind   a  clay   consisting   of  alumine   and  flint.     But  this 
residue  of  the  decomposed  mineral,  which  in  its  purest  state  is  called 
porcelain  clay,  is  found  to  contain  a  part  only  of  the  silica  which 
existed  in  the  original  felspar.     The  other  part  therefore  must  have 
been  dissolved  and  removed ;  and  this  can  be  accounted  for  in  two 
ways,  first,  because  silex  when  combined  with  an  alkali  is  soluble  in 
water ;    secondly,   because   silex  in   what  is   technically  called  its 
nascent  state  is  also  soluble  in  water.     Hence  an  endless  supply  of 
silica  is   affbrded   to  rivers   and   the  waters  of  the  sea.     For  the 
felspathic  rocks  are  universally  distributed,  constituting  as  they  do, 
so  large  a  proportion  of  the  volcanic,  plutonic,  and  metamorphic 
formations.     Even  where  they  chance  to  be  absent  in  mass,  they 
rarely  fail  to  occur  in  the  superficial  gravel  or  alluvial  deposits  of  the 
basin  of  every  large  river, 

♦  Jam.  Ed.  New  PhiL  Joum.  No.  80.  p.  246. 
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The  disintegration  of  mica  also,  another  mineral  which  enters 
largely  into  the  composition  of  granite  and  various  sandstones,  may 
jield  ailex  which  may  be  dissolved  in  water,  for  nearly  half  of  this 
mineral  consists  of  silica,  combined  with  alumine,  potash,  and  about 
a  tenth  part  of  iron.  The  oxidation  of  this  iron  in  the  air  is  the 
principal  cause  of  the  waste  of  mica. 

We  have  still,  however,  much  to  learn  before  the  conversion  of 
fossil  bodies  into  stone  is  fully  understood.  Some  phenomena  seem 
to  imply  that  the  mineralization  must  proceed  with  considerable 
rapidity,  for  stems  of  a  soft  and  succulent  character,  and  of  a  most 
perishable  nature,  are  preserved  in  flint ;  and  there  are  instances  of  the 
complete  silicification  of  the  young  leaves  of  a  palm-tree  when  just 
about  to  shoot  forth,  and  in  that  state  which  in  the  West  Indies  is 
called  the  cabbage  of  the  palm.*  It  may,  however,  be  questioned 
whether  in  such  cases  there  may  not  have  been  some  antiseptic  quality 
in  the  water  which  retarded  putrefaction,  so  that  the  soft  parts  of  the 
buried  substance  may  have  remained  for  a  long  time  without  disin- 
tegration, like  the  flesh  of  bodies  imbedded  in  peat. 

Mr.  Stokes  has  pointed  out  examples  of  petrifactions  in  which  the 
more  perishable,  and  others  where  the  more  durable  portions  of  wood 
are  preserved.  These  variations,  he  suggests,  must  doubtless  have 
depended  on  the  time  when  the  lapidifying  mineral  was  introduced. 
Thus,  in  certain  silicified  stems  of  palm-trees,  the  cellular  tissue,  that 
most  destructible  part,  is  in  good  condition,  while  all  signs  of  the 
hard  woody  fibre  have  disappeared,  the  spaces  once  occupied  by  it 
being  hollow  or  filled  with  agate.  Here,  petrifaction  must  have  com- 
menced soon  after  the  wood  was  exposed  to  the  action  of  moisture, 
and  the  supply  of  mineral  matter  must  then  have  failed,  or  the  water 
must  have  become  too  much  diluted  before  the  woody  fibre  decayed. 
But  when  this  fibre  is  alone  discoverable,  we  must  suppose  that  an 
interval  of  time  elapsed  before  the  commencement  of  lapidification, 
during  which  the  cellular  tissue  was  obliterated.  When  both  struc- 
tures, namely,  the  cellular  and  the  woody  fibre,  are  preserved,  the 
process  must  have  commenced  at  an  early  period,  and  continued 
without  interruption  till  it  was  completed  throughout.f 

»  Stokes,  GeoL  Trans,  vol  v.  p.  212.        f  Ibid, 
second  scries, 
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CHAPTER  V. 

ELEVATION  OF   8TBATA  ABOVE   THE   SEA  —  HORIZONTAL  AND  INCLINED 

STRATIFICATION. 

Whj  the  position  of  nuirine  strata,  above  the  level  of  the  sea,  should  be  referred  to 
the  rising  up  of  the  land,  not  to  the  going  down  of  the  sea — Upheaval  of  exten- 
fire  maoes  of  horizontal  strata — Inclined  and  vertical  stratification — Anticlinal 
aod  sjrnclinal  lines — Bent  strata  in  east  of  Scotland — Theory  of  folding  by 
btenil  movement — Creeps — Dip  and  strike — Stmcture  of  the  Jora — Various 
f<>rms  of  outcrop — Rocks  broken  by  flexure — Inverted  position  of  disturbed 
•tnta  —  Unconformable  stratification  —  Button  and  Flayfiiir  on  the  same  — 
Fractures  of  rtrata — Polished  surfaces — Faults — Appearance  of  repeated  alter- 
nations produced  by  them — Origin  of  great  faults. 

Lasd  ha$  been  raised^  not  the  sea  lowered, — It  has  been  already 
stated  that  the  aqueous  rocks  containiDg  marine  fossils  extend  over 
wide  continental  tracts,  and  are  seen  in  mountain  chains,  rising  to 
great  heights  above  the  level  of  the  sea.  Hence  it  follows,  that  what 
is  now  dry  land  was  once  under  water.  But  if  we  admit  this  con- 
clusion, we  must  imagine,  either  that  there  has  been  a  general  lower- 
ing of  the  waters  of  the  ocean,  or  that  the  solid  rocks,  once  covered 
by  water,  have  been  raised  up  bodily  out  of  the  sea,  and  have  thus 
become  dry  land.  The  earlier  geologists,  finding  themselves  reduced 
to  this  alternative,  embraced  the  former  opinion,  assuming  that  the 
ocean  was  originally  universal,  and  had  gradually  sunk  down  to  its 
actual  level,  so  that  the  present  islands  and  continents  were  left  dry. 
It  seemed  to  them  far  easier  to  conceive  that  the  water  had  gone 
down,  than  that  solid  land  had  risen  upwards  into  its  present  position. 
It  was,  however,  impossible  to  invent  any  satisfactory  hypothesis  to 
explain  the  disappearance  of  so  enormous  a  body  of  water  throughout 
the  globe,  it  being  necessary  to  infer  that  the  ocean 'had  once  stood 
at  whatever  height  marine  shells  might  be  detected.  It  moreover 
appeared  clear,  as  the  science  of  Geology  advanced,  that  certain  spaces 
on  the  globe  had  been  alternately  sea,  then  land,  then  estuary,  then 
sea  again,  and,  lastly,  once  more  habitable  land,  having  remained  in 
each  of  these  states  for  considerable  periods.  In  order  to  account  for 
such  plienomena,  without  admitting  any  movement  of  the  land  itself, 
we  are  required  to  imagine  severa  Iretreats  and  returns  of  the  ocean  ; 
and  even  then  our  theory  applies  merely  to  coses  where  the  marine 
strata  composing  the  dry  land  are  horizontal,  leaving  unexplained 
those  more  common  instances  where  strata  ore  inclined,  curved,  or 
placed  on  their  edges,  and  evidently  not  in  the  position  in  which  they 
were  first  deposited. 

Geologists,  therefore,  were  at  last  compelled  to  have  recourse  to 
the  other  alternative,  namely,  the  doctrine  that  the  solid  land  has 
been  repeatedly  moved  upwards  or  downwards,  so  as  permanently  to 
change  its  position  relatively  to  the  sea.     There  are  several  distinct 
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grounds  for  preferring  this  conclusion.  First,  it  will  account  equally 
for  the  position  of  those  elevated  masses  of  marine  origin  in  which 
the  stratification  remains  horizontal,  and  for  those  in  which  the  strata 
are  disturbed,  broken,  inclined,  or  vertical.  Secondly,  it  is  consistent 
with  human  experience  that  land  should  rise  gradually  in  some  places 
and  be  depressed  in  others.  Such  changes  have  actually  occurred  in 
our  own  days,  and  are  now  in  progress,  having  been  accompanied  in 
some  cases  by  violent  convulsions,  while  in  others  they  have  pro- 
ceeded so  insensibly,  as  to  have  been  ascertainable  only  by  the  most 
careful  scientific  observations,  made  at  considerable  intervals  of  time. 
On  the  other  hand,  there  is  no  evidence  from  human  experience  of 
a  lowering  of  the  sea's  level  in  any  region,  and  the  ocean  cannot  sink 
in  one  place  without  its  level  being  depressed  throughout  the  globe. 

These  preliminary  remarks  will  prepare  the  reader  to  understand 
the  great  theoretical  interest  attached  to  all  facts  connected  with  the 
position  of  strata,  whether  horizontal  or  inclined,  curved  or  vertical. 

Now  the  first  and  most  simple  appearance  is  where  strata  of 
marine  origin  occur  above  the  level  of  the  sea  in  horizontal  position. 
Such  are  the  strata  which  we  meet  with  in  the  south  of  Sicily,  filled 
with  shells  for  the  most  part  of  the  same  species  as  those  now  living 
in  the  Mediterranean.  Some  of  these  rocks  rise  to  the  height  of 
more  than  2000  feet  above  the  sea.  Other  mountain  masses  might 
be  mentioned,  composed  of  horizontal  strata  of  high  antiquity,  which 
contain  fossil  remains  of  animals  wholly  dissimilar  from  any  now 
known  to  exist.  In  the  south  of  Sweden,  for  example,  near  Lake 
Wener,  the  beds  of  one  of  the  oldest  of  the  fossiliferous  deposits, 
namely  that  called  Transition  or  Silurian  by  geologists,  occur  in  as 
level  a  position  as  if  they  had  recently  formed  part  of  the  delta  of  a 
great  river,  and  been  left  dry  on  the  retiring  of  the  annual  fioods. 
Aqueous  rocks  of  about  the  same  age  extend  for  hundreds  of  miles 
over  the  lake-district  of  North  America,  and  exhibit  in  like  manner 
a  stratification  nearly  undisturbed.  The  Table  Mountain  at  the 
Cape  of  Good  Hope  is  another  example  of  highly  elevated  yet  per- 
fectly horizontal  strata,  no  less  than  3500  feet  in  thickness,  and  con- 
sisting of  sandstone  of  very  ancient  date. 

Instead  of  imagining  that  such  fossiliferous  rocks  were  always  at 
their  present  level,  and  that  the  sea  was  once  high  enough  to  cover 
them,  we  suppose  them  to  have  constituted  the  ancient  bed  of  the 
ocean,  and  that  they  were  gradually  uplifted  to  their  present  height. 
This  idea,  however  startling  it  may  at  first  appear,  is  quite  in 
accordance,  as  before  stated,  with  the  analogy  of  changes  now  going 
on  in  certain  regions  of  the  globe.  Thus,  in  parts  of  Sweden,  and 
the  shores  and  islands  of  the  Gulf  of  Bothnia,  proofs  have  been 
obtained  that  the  land  is  experiencing,  and  has  experienced  for 
centuries,  a  slow  upheaving  movement.  Playfair  argued  in  favour 
of  this  opinion  in  1802,  and  in  1807  Von  Buch,  after  his  travels  in 
Scandinavia,  announced  his  conviction  that  a  rising  of  the  land  was 
in  progress.  Celsius  and  other  Swedish  writers  had,  a  century 
before,  declared  their  belief  that  a  gradual  change  had,  for  ages, 
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been  taking  place  in  the  relative  level  of  land  and  sea.  They  attri- 
buted the  change  to  a  fall  of  the  waters  both  of  the  ocean  and  the 
Baltic.  This  theory,  however,  has  now  been  refuted  by  abundant 
evidence ;  for  the  alteration  of  relative  level  has  neither  been 
universal  nor  every  where  uniform  in  quantity,  but  has  amounted, 
in  some  regions,  to  several  feet  in  a  century,  in  others  to  a  few 
inches ;  while  in  the  southernmost  part  of  Sweden,  or  the  province 
of  Scania,  there  has  been  actually  a  loss  instead  of  a  gain  of  land, 
buildings  having  gradually  sunk  below  the  level  of  the  sea.* 

It  appears  from  the  observations  of  Mr.  Darwin  and  others  that 
very  extensive  regions  of  the  continent  of  South  America  have  been 
undergoing  slow  and  gradual  upheaval,  by  which  the  level  plains  of 
Patagonia,  covered  with  recent  marine  shells,  and  the  Pampas  of 
Buenos  Ayres  have  been  raised  above  the  level  of  the  sea.f  On  the 
other  hand,  the  gradual  sinking  of  the  west  coast  of  Greenland,  for 
the  space  of  more  than  600  miles  from  north  to  south,  during  the 
last  four  centuries,  has  been  established  by  the  observations  of  a 
Danish  naturalist.  Dr.  Pingel.  And  while  these  proofs  of  continental 
elevation  and  subsidence,  by  slow  and  insensible  movements,  have 
been  recently  brought  to  light,  the  evidence  has  been  daily  strength- 
ened of  continued  changes  of  level  effected  by  violent  convulsions 
in  countries  where  earthquakes  are  frequent  There  the  rocks  are 
rent  from  time  to  time,  and  heaved  up  or  thrown  down  several  feet 
at  once,  and  disturbed  in  such  a  manner,  that  the  original  position  of 
strata  may,  in  the  course  of  centuries,  be  modified  to  any  amount. 

It  has  also  been  shown  by  IMr.  Darwin,  that,  in  those  seas  where 
circular  coral  islands  and  barrier  reefs  abound,  there  is  a  slow  and 
continued  sinking  of  the  submarine  mountains  on  which  the  masses 
of  coral  are  based ;  while  there  are  other  areas  of  the  South  Sea, 
whoro  the  land  is  on  the  rise,  and  where  coral  has  been  upheaved  far 
abovo  the  sea-level. 

It  would  require  a  volume  to  explain  to  the  reader  the  various 
facts  which  establish  the  reality  of  these  movements  of  land,  whether 
of  elevation  or  depression,  whether  accompanied  by  earthquakes  or 
accomplished  slowly  and  without  local  disturbance.  Having  treated 
fully  of  these  subjects  in  the  Principles  of  Geology  J,  I  shall  assume, 
in  the  present  work,  that  such  changes  are  part  of  the  actual  course 
of  nature ;  and  when  admitted,  they  will  be  found  to  afford  a  key  to 
the  interpretation  of  a  variety  of  geological  appearances,  such  as  the 
elevation  of  horizontal,  inclined,  or  disturbed  marine  strata,  and  the 
superposition  of  freshwater  to  marine  deposits,  aftem-ards  to  be 
described.     It  will  also  appear,  in  the  sequel,  how  much  light  the 

*  In   the  first  three  editions  of  my  opinion  in  the  PhiL  Trans.  1835,  Part  I. 

Principlca  of  Geology,  I  expressed  many  See  also  the  Principles,  4th  and  subse- 

doubts  as  to  the  validity  of  the  alleged  quent  editions. 

proofs  of   a   gradual   rise   of  land   in  f  Sec  his  Journal  of  a  Naturalist  in 

Sweden ;  but  after  \Tsiting  that  countrj%  Voyage  of  the  Beagle,  and  his  work  on 

in  1834,  I  retracted  these  objections,  and  Coral  Reefs. 

published  a  detailed  statement  of  the  %  Sec  chapters  xxviil  to   xxxi   in- 

obsenrations  which  led  mc  to  alter  my  elusive. 
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doctrine  of  a  continued  subsidence  of  land  maj  throw  on  the  manner 
in  which  a  aeries  of  strata,  formed  in  shalloiv  water,  may  have  accu- 
mulated to  a  great  thickness.  The  excavation  of  valleys  also,  and 
other  effects  of  denudation,  of  which  I  shall  presently  treat,  can  alone 
be  understood  when  we  duly  apprecinte  the  proofs,  now  on  record, 
of  the  prolonged  rising  and  sinking  of  land,  throughout  wide  areas. 

To  conclude  this  subject,  I  may  remind  the  reader,  that  were  we 
to  embrace  the  doctrine  which  ascribes  the  elevated  position  of  marine 
formations,  and  the  depreeaion  of  certain  freshwater  strata,  to  oscil- 
lations in  the  level  of  the  waters  instead  of  the  land,  we  should  be 
compelled  to  admit  that  the  ocean  has  been  sometimes  every  where 
much  shallower  than  at  present,  and  at  others  more  than  three  mites 
deeper. 

laclined  tlralificalion.  —  The  most  unequivocal  evidence  of  a 
clinnge  in  the  original  position  of  strata  is  afforded  by  their  standing 
up  perpendicularly  on  their  edges,  which  is  by  no  means  a  rare 
phenomenon,  especially  in  mountainous  countries.  Thus  we  find  in 
Scotland,  on  the  southern  skirls  of  the  Grampians,  beds  of  pudding- 
stone  alternating  with  thin  layers  of  fine  sand,  all  placed  vertically 
to  the  horizon.    When  Saussure  first  ob-  pj^  5, 

served  certain  conglomerates  in  a  simi- 
lar position  in  the  Swiss  Alps,  he  re-     •ql^j^~v 
marked  that  the  pebbles,  being  for  the      n\  '^    T^~^-Sr^^ 
most  part  of  an  oval  shape  had  their      ji  K  fl"  ;    '^  'mO^\ 
longer  axes    parallel   to   the   planes   of       p||  0,00  "M     '  ^ 
stratification  (See  fig.  61.).      From  this     g  J',  ^\':  fl  g  l   (%  A 

he   inferred,  that  such  strata  must,  at    ' — ^ ^ — ■ — -^ '^—^ — ■ 

first,  have  been  horizontal,  each  oval  ^""'■'  ™«'t™"«'"  ""•  "nduon*. 
pebble  having  originally  settled  at  the  bottom  of  the  water,  with  its 
flatter  side  parallel  to  the  horizon,  for  the  same  reason  that  an  egg 
will  not  stand  on  either  end  if  unsupported.  Some  few,  indeed,  of 
the  rounded  stones  in  a  conglomerate  occasionally  afford  an  exception 
to  the  above  rule,  for  the  same  reason  that  we  see  on  a  shingle  beocti 
some  oval  or  fiat-sided  pebbles  resting  on  their  ends  or  edges  ;  these 
having  been  forced  along  the  bottom  and  against  each  other  by  a 
wave  or  current  so  as  to  settle  in  this  position. 

Vci'tical  strata,  when  they  can  be  traced  continuously  upwards  or 
downwards  for  some  depth,  are  almost  invariably  seen  to  be  parts  of 
great  curves,  which  may  have  a  diameter  of  a  few  yards,  or  of  several 
miles.  I  shall  first  describe  two  curves  of  considerable  regularity, 
which  occur  in  Forfarshire,  extending  over  a  country  twenty  miles 
in  breadth,  from  the  foot  of  the  Grampians  to  the  sea  near  Arbroath. 

The  mass  of  strata  here  shown  may  be  nearly  2000  feet  in  thick- 
ness, consisting  of  red  and  white  sandstone,  and  various  coloured 
shales,  the  beds  being  distinguishable  into  four  principal  groups, 
namely,  No.  1.  red  mari  or  shale  ;  No.  2.  red  sandstone,  used  for 
building ;  No.  3.  conglomerate ;  and  No.  4.,  grey  paving-stone,  and 
tile-stone,  with  green  and  reddish  shale,  coataining  peculiar  organic 
A  glance  at  the  section  will  show  that  each  of  the  forma- 
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tions  2,  3,  4,  kre  repeated  thrice  at  the 
surface,  twice  vitb  ■  southerly,  and  once 
vitb  a  aortberlj-  ioclinatioB  or  dip,  and 
the  beds  in  No,  1.,  which  are  nearly- 
horizontal,  are  still  brought  up  twice  by 
a  slight  curvature  to  the  suHace,  once 
on  each  side  of  A.  Beginning  at  the 
north-west  estremity,  the  tile-stones  and 
conglomeratea  No.  4.  and  No,  3.  are  ver- 
tical, and  they  generally  form  a  ridge 
parallel  to  the  southern  skirts  of  the 
Grampians.  The  superior  straU  Nos.  2. 
and  1.  become  lees  and  less  inclined  on 
descending  to  the  valley  of  Strathmore, 
where  the  strata,  having  a  concave 
bend,  are  said  by  geologists  to  lie  in  a 
"  trough  "  or  "  basin."  Through  the 
centre  of  this  valley  runs  an  im^inary 
line  A,  called  technically  a  "synclinal 
line,"  where  the  beds,  which  are  tilted 
in  opposite  directions,  may  be  supposed 
to  meet.  It  is  most  important  for  the 
observer  to  mark  snch  lines,  for  he  wilt 
perceive  by  the  diagram,  that  in  travel- 
ling from  the  north  to  the  centre  of  the 
basin,  he  is  always  passing  from  older 
to  newer  beds  j  whereas,  after  crossing 
the  line  A,  and  pursuing  his  course  in 
the  same  southerly  direclion,  he  is  con- 
tinually leaving  the  newer,  and  advanc- 
ing upon  older  strata.  All  the  deposits 
which  he  hod  before  examined  begin 
then  to  recur  in  reversed  order,  until  be 
arrives  at  the  central  axis  of  the  Sidlaw 
hills,  where  the  strata  are  seen  to  form 
an  arch  or  saddle,  having  an  aHticHnal 
line  B,  in  the  centre.  On  passing  this 
line,  and  continuing  towards  the  S.E.,  the  formations  4,  3,  and  2, 
are  again  repeated,  in  the  same  relative  order  of  superposition,  but 
with  a  northerly  dip.  At  Wliiteness  (see  diagram)  it  will  be  seen 
that  the  inclined  strata  are  covered  by  a  newer  deposit,  a,  in  hori- 
zontal beds.  These  are  composed  of  red  conglomerate  and  sand,  and 
are  newer  than  any  of  the  groups,  1,  2,  3,  4,  before  described,  and 
rest  unconformably  upon  strata  of  the  sandstone  group,  Ko,  2. 

An  example  of  curved  strato,  in  which  the  bends  or  convolutions 
of  the  rock  are  sliarper  and  far  more  numerous  within  an  equal  space, 
has  been  well  described  by  Sir  James  Hall.*    It  occurs  near  St. 

*  Edin.  Traos.  voLviL  pL3. 
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Abb'a  Head,  on  the  east  coast  of  Scotland,  where  the  rocks  conaiat 
priocipallj  of  a  bluish  slate,  having  frequently  a  ripple- marked  sur- 
face.    The  undulationa  of  the  beds  reach  from  the  top  to  tb«  bottom 


of  clifi*9  from  200  to  300  feet  in  height,  and  there  are  sixteen  distinct 
bendingB  in  the  course  of  about  six  miles,  the  curvatures  being  alter- 
nately concave  and  convex  upwards. 

An  experiment  was  made  by  Sir  James  Hall,  with  a  view  of  illus- 
trating the  manner  in  which  such  strata,  assuming  them  to  have  been 
originally  horizontal,  may  have  been  forced  into  their  present  position. 
A  set  of  layers  of  clay  were  placed  under  a  weight,  and  thi'ir  oppo- 
site ends  pressed  towards  each  other  with  such  force  as  to  cause  them 
to  approacb  more  nearly  together.  On  the  removal  of  the  weight, 
the  layers  of  clay  were  found  to  be  curved  and  folded,  so  as  to  bear 
a  miniature  resemblance  to  the  strata  in  the  cliffs.  We  must,  how- 
ever, bear  in  mind,  that  in  the  natural  section  or  sea-cliff  we  only 
see  the  foldings  imperfectly,  one  part  being  invisible  beneath  iLe 
sea,  and  the  other,  or  upper  portion,  being  supposed  to  have  been 
carried  away  by  denudation,  or  that  action  of  water  which  will  be 


explained  in  the  next  chapter.  The  dark  lines  in  the  accompanying 
plan  (fig.  64.)  represent  wlint  is  actually  seen  of  the  strata  in  part 
of  the  line  of  cliff  alluded  to ;   the  fainter  lines,  that  portion  which 
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18  concealed  beneath  tlie  sea  leyel,  as  also  that  which  is  supposed  to 
have  once  existed  above  the  present  surface. 

We  may  still  more  easily  illustrate  the  effects  which  a  lateral 
thrust  might  produce  on  flexible  strata,  by  placing  several  pieces  of 
differently  coloured  cloths  upon  a  table,  and  when  they  are  spread 

Fig.  65. 


out  horizontally,  cover  them  with  a  book.  Then  apply  other  books 
to  each  end,  and  force  them  towards  each  other.  The  folding  of  the 
cloths  will  exactly  imitate  those  of  the  bent  strata.  (See  fig.  65.) 

Whether  the  analogous  flexures  in  stratified  rocks  have  really  been 
due  to  similar  side  way  movements  is  a  question  of  considerable  diffi- 
culty. It  will  appear  when  the  volcanic  and  granitic  rocks  are  de- 
scribed, that  some  of  them  have,  when  melted,  been  injected  forcibly 
into  fissures,  while  others,  already  in  a  solid  state,  have  been  pro- 
truded upwards  through  the  incumbent  crust  of  the  earth,  by  which 
a  great  displacement  of  flexible  strata  must  have  been  caused. 

But  we  also  know  by  the  study  of  regions  liable  to  earthquakes, 
that  there  are  causes  at  work  in  the  interior  of  the  earth  capable  of 
producing  a  sinking  in  of  the  ground,  sometimes  very  local,  but 
sometimes  extending  over  a  wide  area.  The  frequent  repetition,  or 
continuance  throughout  long  periods,  of  such  downward  movements 
seems  to  imply  the  formation  and  renewal  of  cavities  at  a  certain 
depth  below  the  surface,  whether  by  the  removal  of  matter  by  vol- 
canos  and  hot  springs,  or  by  the  contraction  of  argillaceous  rocks  by 
heat  and  pressure,  or  any  other  combination  of  circumstances.  What- 
ever conjectures  we  may  indulge  respecting  the  causes,  it  is  certain 
that  pliable  beds  may,  in  consequence  of  unequal  degrees  of  subsi- 
dence, become  folded  to  any  amount,  and  have  all  the  appearance  of 
having  been  compressed  suddenly  by  a  lateral  thrust. 

The  "  Creeps,"  as  they  are  called  in  coal-mines,  afford  an  excellent 
illustration  of  this  fact.— First,  it  may  be  stated  generally,  that  the 
excavation  of  coal  at  a  considerable  depth  causes  the  mass  of  overlying 
strata  to  sink  down  bodily,  even  when  props  are  left  to  support  the 
roof  of  the  mine.  "  In  Yorkshire,"  says  Mr.  Buddie,  "  three  distinct 
subsidences  were  perceptible  at  the  surface,  after  the  clearing  out  of 
three  seams  of  coal  below,  and  innumerable  vertical  cracks  were 
caused  in  the  incumbent  mass  of  sandstone  and  shale,  which  thus 
settled  down."*     The  exact  amount  of  depression  in  these  cases  can 

•  Proceedings  of  GeoL  Soc.  vol  iii-  p.  148. 
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0DI7  be  MCBrately  tncAstired  where  water  accumulates  on  the  surface, 
or  a  railway  traverses  a  coal-field. 

When  a  bed  of  coal  is  worked  out,  pillars  or  rectangular  masses 
of  coal  are  left  at  interrab  as  props  to  support  the  roof,  and  protect 
the  colliers.    Thus  in  fig.  66.,  representing  a  section  at  Wallsend, 


Newcastle,  the  galleries  which  have  been  excavated  are  represented 
by  the  white  spaces  a  b,  while  the  adjoining  dark  portions  are  parts 
of  the  original  coal-seam  left  as  props,  beds  of  sandy  clay  or  shale 
constituting  the  floor  of  the  mine.    When  the  props  have  been  re- 
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duced  in  size,  thej  are  pressed  down  by  the  weight  of  overlying  rocks 
(no  less  than  630  feet  thick)  upon  the  shale  below,  which  is  thereby 
squeezed  and  forced  up  into  the  open  spaces. 

Now  it  might  have  been  expected,  that  instead  of  the  floor  rising 
up,  the  ceiling  would  sink  down,  and  this  effect,  called  a  "  Thrust," 
does,  in  fact,  take  place  where  the  pavement  is  more  solid  than  the 
roof.  But  it  usually  happens,  in  coal-mines,  that  the  roof  is  com- 
posed of  hard  shale  or  occasionally  of  sandstone,  more  unyielding 
than  the  foundation,  which  often  consists  of  clay.  Even  where  the 
argillaceous  substrata  are  hard  at  first,  they  soon  become  softened 
and  reduced  to  a  plastic  state  when  exposed  to  the  contact  of  air  and 
water  in  the  floor  of  a  mine. 

The  first  symptom  of  a  "  creep,"  says  Mr.  Buddie,  is  a  slight  cur- 
vature at  the  bottom  of  each  gallery,  as  at  a.  Fig.  66. :  then  the 
pavement  continuing  to  rise,  begins  to  open  with  a  longitudinal 
crack,  as  at  b  :  then  the  points  of  the  fractured  ridge  reach  the  roof, 
as  at  c;  and,  lastly,  the  upraised  beds  close  up  the  whole  gallery,  and 
the  broken  portions  of  the  ridge  are  re-united  and  flattened  at  the 
top,  exhibiting  the  flexure  seen  at  d.  Meanwhile  the  coal  in  the 
props  has  become  crushed  and  cracked  by  pressure.  It  is  also  found, 
that  below  the  creeps  a,  ft,  c,  d,  an  inferior  stratum,  called  the 
*'  metal  coal,"  which  is  3  feet  thick,  has  been  fractured  at  the  points 
Cyf,  g,  /*,  and  has  risen,  so  as  to  prove  that  the  upward  movement, 
caused  by  the  working  out  of  the  "  main  coal,'*  has  been  propagated 
through  a  thickness  of  54  feet  of  argillaceous  beds,  which  intervene 
between  the  two  coal  seams.  This  same  displacement  has  also  been 
traced  downwards  more  than  150  feet  below  the  metal  coal,  but  it 
grows  continually  less  and  less  until  it  becomes  imperceptible. 

No  part  of  the  process  above  described  is  more  deserving  of  our 
notice  than  the  slowness  with  which  the  change  in  the  arrangement 
of  the  beds  is  brought  about.  Days,  months,  or  even  years,  will 
sometimes  elapse  between  the  first  bending  of  the  pavement  and  the 
time  of  its  reaching  the  roof.  Where  the  movement  has  been  most 
rapid,  the  curvature  of  the  beds  is  most  regular,  and  the  reunion  of 
the  fractured  ends  most  complete ;  whereas  the  signs  of  displacement 
or  violence  are  greatest  in  those  creeps  which  have  required  months 
or  years  for  their  entire  accomplishment.  Hence  we  may  conclude 
that  similar  changes  may  have  been  wrought  on  a  larger  scale  in  the 
earth's  crust  by  partial  and  gradual  subsidences,  especially  where 
the  ground  has  been  undermined  throughout  long  periods  of  time ; 
and  we  must  be  on  our  guard  against  inferring  sudden  violence, 
simply  because  the  distortion  of  the  beds  is  excessive. 

Between  the  layers  of  shale,  accompanying  coal,  we  sometimes  see 
the  leaves  of  fossil  ferns  spread  out  as  regularly  as  dried  plants 
between  sheets  of  paper  in  the  herbarium  of  a  botanist.  These  fern- 
leaves,  or  fronds,  must  have  rested  horizontally  on  soft  mud,  when 
first  deposited.  If,  therefore,  they  and  the  layers  of  shale  are  now 
inclined,  or  standing  on  end,  it  is  obviously  the  effect  of  subsequent 
derangement.     The  proof  becomes,  if  possible,  still  more  striking 
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when  these  strata,  including  vegetable  remains,  are  curved  again  and 
again,  and  evea  folded  into  the  form  of  the  letter  Z,  so  that  the  Bame 
continuous  layer  of  coal  is  cut  through  several  times  in  the  same 
perpendicular  sliaft.     Thus,  in  the  coal-field  near  Mona.  in  Belgium, 


these  sigzag  bendinga  are  repealed  four  or  five  times,  in  the  manner 
represented  in  fig.  67.,  the  hiack  lines  representing  ecnms  of  coal," 

Dip  and  Strike. — In  the  above  remarks,  several  technical  terms 
have  been  used,  such  as  dip,  the  unconformable  position  of  strata, 
and  the  anticlinal  and  synclinal  lines,  which,  as  well  as  the  strike  of 
the  beds,  I  shall  now  explain.  If  a  stratum  or  bed  of  rock,  instead 
of  being  quite  level,  be  inclined  to  one  side,  it  is  said  to  dip ;  the 
point  of  the  compass  to  which  it  is  inclined  is  called  the  point  of  dip, 
and  the  degree  of  deviation  from  a  level  or  horizontal  line  is  called 
Fif.cs.  tAe  amount  of  dip,  or  the  angle 

of  dip.  Thus,  in  the  annexed 
diagram  (fig.  68.),  a  series  of 
strata  are  inclined,  and  they  dip 
to  the  north  at  an  angle  of  forty- 
five  degrees.  The  ttriAe,  or  line 
of  bearing,  is  the  prolongation  or  extension  of  the  strata  in  a  direction 
at  right  angUt  to  the  dip ;  and  hence  it  is  sometimes  called  the  di- 
rection of  the  strata.  Thus,  in  the  above  instance  of  strata  dipping 
to  the  north,  their  strike  must  necessarily  be  east  and  west.  We 
have  borrovred  the  word  from  the  German  geologists,  strcichen  sig- 
nifying to  extend,  to  have  a  certain  direction.  Dip  and  strike  may 
be  aptly  illustrated  by  a  row  of  houses  running  east  and  west,  the 
long  ridge  of  the  roof  representing  the  strike  of  the  stratum  of  slates, 
which  dip  on  one  side  to  the  norlh,  and  on  the  other  to  the  south. 

A  stratum  which  is  horizontal,  or  quite  level  in  all  directions,  has 
neither  dip  nor  strike. 

It  is  always  important  for  the  geologist,  who  is  endeavouring  to 
comprehend  the  structure  of  a  country,  to  learn  how  the  beds  dip  in 
every  part  of  the  district;  but  it  requires  some  practice  to  avoid 
being  occasionally  deceived,  both  as  to  the  point  of  dip  and  the 
amount  of  it. 

*  See  plan  by  M.  Chevalier,  Burat's  D'Anbnisson,  Com.  iJ.  p.  334. 
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If  tLe  npper  sarfve  «f  m  larJ  a 
artificial};'  a  a  qnariT'.  <r  W  lb*  vvra  K  tLe  fint  «f  a  diC  tt  is 
eaej  to  fetprmw  uvardf  «bu  praV  cf  ihe  emfMH  Ac  dap*  b 
steepest,  or  ia  vbat  fireeoin  raxr  tomU  Aov.  if  piiucd  ^on  it. 
This  is  the  true  dip.  Bat  1^  tAgt*  t£  ki^Uj  iffarf  Mnta  maj 
giTe  rise  lo  pcrfectlr  bcvinnal  ]itt»  is  tke  &cc  ef  a  (vtical  diC  <f 
the  otoen-er  Me  ibe  lanta  in  tbe  Em  cf  dadr  fHike.  Af  Sf  hdag 
inwudc  from  tbe  face  c/  d<e  <££  If;  bomw.  «t  mmb  »  a  bnak 
in  the  diS;  vhicL  exhifaits  a  smimw  exaedr  at  i^fct  wi^  *»  tbe 
Use  of  the  Etrike,  «-«  an  tboi  aUe  to  uecRaia  tbe  trae  ^k  In  tbe 
annned  dnvisg  i  fi^.  6S.j,  v«  msT  svpfose  a  bwflan^  oae  ade  of 


which  faces  to  the  Dorth,  wbere  th«  bcdf  «oiiU  a^er  perfeetlj 
horizontal,  to  a  pei«aa  in  the  beat ;  while  in  tbe  olber  side  being  the 
west,  the  trne  dip  wonld  be  seen  bj  the  person  on  Eboce  to  be  at  an 
angle  of  W.  If^  therefore,  oar  ob^errations  are  confined  to  a  vertical 
preripioe  facing  in  one  directiun,  we  must  endeaTonr  to  find  a  led^ 
or  portion  of  the  plane  of  one  of  tbe  bedd  pixgeeting  bejood  the 
otbers,  in  order  to  ascertun  the  tme  dip. 

It  is  rarely  important  to  determine  the  angle  of  incUnatiMi  with 
snch  miDDienees  as  to  re<{uire  the  aid  of  the  insiroment  called  a 
clinometer.  We  may  measure  the  angle  wiihin  a  few  degrees  by 
Tig'n.  (landing  cTactlv  opposite  to  a  cliff  wbew 

the  tme  dip  1$  exhibited,  h<Mii9  the 
hands  immediatelj  before  the  ens,  and 
pbcing  the  fingers  of  one  in  a  perpen- 
dicaUr,  and  of  the  other  in  a  borizontal 
position,  u  in  fig.  70.  It  is  tbna  easj 
lo  diiCDTer  whether  the  tines  of  the  in- 
clined beds  bisect  the  angle  of  9(P,  formed 
by  the  meeting  of  the  hands,  $o  as  to  give 
an  angle  of  45°,  or  whether  it  wonW  di- 
vide the  space  into  two  eqoal  or  unequal 
portions.  The  upper  dotted  line  maj  express  a  stratum  dipping  to 
the  north ;  but  should  the  beds  dip  precisely  to  the  t^posite  point  of 


Cb.  v.]  DIP  AND  STBIKE.  5o 

the  compass  as  in  the  lower  dotted  line,  it  will  be  seen  that  the  amount 
of  inclination  ma^  still  be  measured  hj  the  hands  with  equal  facilitjr. 
It  has  been  already  seen,  in  describing  the  curved  strata  on  the 
east  coast  of  Scotland,  in  Forfarshire  and  Berwickshire,  that  a  series 
of  concave  and  convex  bendinga  are  occasionally  repeated  several 
times.  These  usually  form  part  of  a  series  of  parallel  waves  of 
strata,  which  are  prolonged  in  the  same  direction  throughout  ft 
considerable  extent  of  country.  Thus,  for  example,  in  the  Sniss 
Jura,  that  lofty  chain  of  mountains  has  been  proved  to  consist  of 
many  parallel  ridges,  with  intervening  longitudinal  valleys,  as  in 
fig.  71.,  the  ridges  being  formed  by  curved  fossiliferous  strata,  of 
which  the  nature  and  dip  are  occasionally  displayed  in  deep  transverse 
gorges,  called  "duses,"  caused  by  fractures  at  right  angles  to  the 
direction  of  the  chain.*  Kow  let  us  suppose  these  ridges  and  parallel 
valleys  to  run  north  and  south,  we  should  then  say  that  the  ttrike  of 
the  beds  is  north  and  south,  and  the  dip  east  and  west.  A  line 
drawn  along  the  summit  of  the  ridgea  A,  B  would  be  on  anticlinal 
line,  and  one  following  the  bottom  <^  the  ai^ining  valleys  a  synclinal 


line.  It  will  be  observed  tltat  some  of  these  ridges.  A,  1 
unbroken  on  the  summit,  whereas  ono  of  them,  C,  has  been  fractured 
along  the  line  of  strike,  and  n  portion  of  it  carried  away  by  denud- 
ation, BO  that  the  ridges  of  the  beds  in  the  formations  a,  h,  c,  come 
n,.  n.  Fi|.  n.        •*"'  *"  '^^  day,  or,  as  the  miners 

say,  crop  out,  on  tlte  sides  of  a 
I    valley.    The  ground  plan  of  such 
\    a  denuded  ridge  as  C,  as  given 
J  I   !    in  a  geological  map,  may  be  ex- 
•    pressed  by  the  diagram  fig.  72., 
and  the  cross  section  of  the  same 
by  fig.  73.  The  line  DE,  fig.  72., 
is  the  anticlinal  line,  on  each  side 

a.  ThnrniBnn'B  mirk,   "Ee«ai    rcnlniy,  Fnris,  1B32,"  wiih  whom  I  ex- 
d^Temeiu  Jorassiqaei  du  For-    amincd  pan  of  tlieM  DOUDlauu  in  IS3S. 
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of  which  tte  dip  is  in  opposite  directions,  as  expressed  by  the 
arrows.  The  emergence  of  strata  at  the  surface  is  called  b;  miners 
their  outcrop  or  basket 

If,  instead  of  being  folded  into  parallel  ridges,  the  beds  form  a 
boas  or  dome-slmped  protuberance,  and  if  we  suppose  the  summit 
of  the  dome  carried  otT,  the  ground  plan  would  exhibit  the  edges  of 
the  strata  forming  a  succes.'ion  of  circles,  or  ellipses,  round  a  com- 
mon centre.  These  circles  are  the  lines  of  strike,  and  the  dip  being 
always  at  right  angles  is  inclined  in  the  course  of  the  circuit  to 
every  point  of  the  compass,  constituting  what  is  termed  a  qua-qua- 
versal  dip  —  that  is,  turning  each  way. 

There  are  endless  variations  in  the  figures  described  by  the  bassct- 
edges  of  the  strata,  according  to  the  dilTercnt  inclination  of  the  beds, 
and  the  mode  in  which  they  happen  to  have  been  denuded.  One  of 
the  simplest  rules  with  which  every  geologist  should  be  acquainted, 
relates  to  the  V-like  form  of  the  beds  as  they  crop  out  in  an  ordinary 
valley.  First,  if  the  strata  be  horizontal,  the  V-Iike  form  will  be 
also  on  a  level,  and  the  newest  strata  will  appear  at  the  greatest 
heights. 

Secondly,  if  the  beds  be   inclined  and  intersected   by  a  valley 

sloping  in  the  same  direction,  and  the  dip  of  the  beds  be  less  steep 

than  the  slope  of  the  valley,  then  the  Vs,  as  they  are  often  termed 

by  miners,  will  point  upwards  (see  fig.  74.),  those  formed  by  the 

newer  beds  appearing  in 

a   superior  position,    and 

extending  highest  jp  the 

valley,  as  A  is  seen  above 

B 

Thirdly,  if  the  dip  of 
the  beds  be  steeper  than 
the  slope  of  the  valley, 
then  the  Vs  mil  point 
downwards  (see  fig  75.), 
and  those  formed  of  the 
older  beds  will  now  appear 
uppermost,  as  B  appears 
above  A. 

Fourthly,  in  every  case 
where  the  strata  dip  in  a 
contrary  direction  to  the 
^  slope  of  the  valley,  what- 
ever be  the  angle  of  in- 
clination, the  newer  beds 
will  appear  the  highest, 
as  in  the  first  and  second 
cases.  This  is  shown  by 
the  drawing  (fig.  76.), 
which  exhibits  strata  ris- 
ing at  an   angle  of  20°, 
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Hope  of  rlijej  W.  dJp  of 


and  crossed  by  a  valley, 
wliicti  dfeclines  in  an  ojipo- 
flite  direction  ol  20V 

TlicBfi  rules  may  often 
be  of  great  pi-nctical  utili- 
ty; for  tbe  ditTcrent  de- 
-  w  grecs  of  dip  oecurirg  id 
the  two  coai's  represented 
ill  figures  74.  and  7o.  luay 
occasionally  be  encoun- 
tered in  fiillowiog  the  same 
line  of  fiesure  at  points 
a  few  miles  diutant  front 
each  otiier.  A  miner  un- 
acquainted with  the  rule,  who  had  first  explored  the  vnllay  (fig, 
74.).  may  have  sunk  a  vertical  shaft  below  the  coal  seam  A,  until 
he  reached  the  inferior  bed  U,  He  might  then  pass  to  the  valley 
fig.  75.,  and  discovering  there  nlsj  the  outcrop  of  two  coni  senms, 
might  begin  his  workings  in  the  up|)ermost  in  the  expectation  of 
coming  down  to  the  other  bed  A,  which  would  be  ohservcd  cropping 
out  lower  down  the  valley.  But  a  glance  at  the  section  will  demon' 
strate  the  futility  of  such  hopes. 

In  the  majority  of  cases,  an  anticlinal  axia  forms  a  ridge,  and  a 
synclinal  axis  a  valley,  as  in  A,  B,  fig,  62,  p.  48. ;   but  there  are 
FiK.n.  exceptions  to  this  rule,  the  beds  sometimes 

sloping  inwards  from  either  side  of  a  moun- 
ain,  as  in  fig.  77. 
On  following  one  of  tbe  anticlinal  ridges 
j  of  the  Jura,  before  mentioned,  A,  1),  C,  fig. 
J  71.,  we  often  discover  longitudinal  cracks 
times  large  fissures  aloiig  the  line 
where  the  fiexure  was  greatest.  Some  of  these,  as  above  stated) 
have  been  enlarged  by  denudation  into  valleys  of  considerable  width, 
as  at  C,  fig.  71.,  which  follow  the  line  of  strike,  and  which  we  may 
suppose  to  have  been  hollowed  out  at  the  time  when  these  rocks  were 
Elill  beneath  the  level  of  the  sen,  or  perhaps  at  the  period  of  their 
gradual  emergence  from  beneath  the  waters.  The  existence  of  aiieh 
cracks  at  the  point  of  the  sharpest  bending  of  solid  strata  of  limestone 
is  precisely  what  we  should  have  expected ;  but  tlie  occasional  want 
of  all  similar  signs  of  fracture,  even  where  the  strain  has  been 
greatest,  as  at  a,  fig,  71.,  is  not  always  easy  to  explain.     We  must 


e  that  many  strata  of  limestone,  chert,  and  others  rocks  which 
V  brittle,  were  pliant  when  bent  into  their  present  position. 


*  I  am  indebted  to  tho  kindness  of  originals,  inmlng  thorn  abont  in  different 

T.  Siipwith,  Esq.,  for  three  models  which  wujb,  ho  would  at  once  oomprehend  iheir 

I  linvc  copied  in  the  above  dlngiBnis ;  meaning  as  well  aa  the  impon  of  others 

but  (he  beginner  may  find  it  by  no  means  far  more  compliealcd,  whieh  the  same 

cosy  to  undcntaDd  sucb  oopies,  although,  engineer   hot    coiutnictcd   1 

if  ho  were  to  examine  iiud  handle  tbe  Jailu. 
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Thej  maj  hare  owed  their  flexibility  in  part  to  the  fluid  matter 
which  they  contained  in  their  minute  pores,  as  before  described 
(p.  35.),  and  in  part  to  the  permeation  of  sea-water  while  they  were 
yet  submerged. 

At  the  western  extremity  of  the  Pyrenees,  great  curvatures  of  the 
strata  are  seen  in  the  sea  cliffs,  where  the  rocks  consist  of  marl,  grit, 
and  chert     At  certain  points,  as  at  a,  fig.  78.,  some  of  the  bendings 

Fig.  78. 


StraU  of  chert,  grit,  and  nuurl.'near  St.  Jean  de  Lui. 

of  the  flinty  chert  are  so  sharp,  that  specimens  might  be  broken  off, 
well  fitted  to  serve  as  ridge-tiles  on  the  roof  of  a  house.  Although 
this  chert  could  not  have  been  brittle  as  now,  when  first  folded  into 
this  shape,  it  presents,  nevertheless,  here  and  there  at  the  points  of 
greatest  flexure  small  cracks,  which  show  that  it  was  solid,  and  not 
wholly  incapable  of  breaking  at  the  period  of  its  displacement.  The 
numerous  rents  alluded  to  are  not  empty,  but  filled  with  calcedony 
and  quartz. 

Between  San  Caterina  and  Castrogiovanni,  in  Sicily,  bent  and 

undulating  gypseous  marls  occur,  with  here  and  there  thin  beds  of 

Fig.  79.  solid  gypsum  interstratified.     Sometimes 

these  solid  layers  have  been  broken  into 
detached  fragments,  still  preserving  their 
sharp  edges  {g  g^  fig.  79.),  while  the 
continuity  of  the  more  pliable  and  ductile 
marls,  m  m,  has  not  been  interrupted. 

I  shall  conclude  my  remarks  on  bent 
strata  by  stating,  that,  in  mountainous 
regions  like  the  Alps,  it  is  often  diflicult 
for  an  experienced  geologist  to  determine  correctly  the  relative  age 
of  beds  by  superposition,  so  often  have  the  strata  been  folded  back 
upon  themselves,  the  upper  parts  of  the  curve  having  been  removed 
by  denudation.  Thus,  if  we  met  with  the  strata  seen  in  the  section 
fig.  80.,  we  should  naturally  suppose  that  there  were  twelve  distinct 

beds,  or  sets  of  beds.  No.  1.  being  the 
newest,  and  No.  12.  the  oldest  of  the 
series.  But  this  section  may,  perhaps, 
exhibit  merely  six  beds,  which  have 
been  folded  in  the  manner  seen  in 
fig.  81.,  so  that  each  of  them  are  twice  repeated,  the  position  of  one 
half  being  reversed,  and  part  of  No.  1.,  originally  the  uppermost, 
having  now  become  the  lowest  of  the  series.  These  phenomena  are 
often  observable  on  a  magnificent  scale  in  certain  regions  in  Switzer- 
land, in  precipices  from  2000  to  3000  feet  in  perpendicular  height. 


g.  gyptum.       m.  marl. 


Fig.  80. 


CUBV2D  8TBATA  IN  TBB  ALPS. 
Fi|.  ai. 


In  the  Ifielten  Alp,  in  the  valla;  of  the  Lutschine,  between  Unterseen 
and  Grindelwald,  curres  of  calcareous  shale  are  seen  from  1000  to 
ISOO  feet 'in  height,  in  which  the  beds  sometimes  plunge  down 
Terticalljr  for  a  depth  of  1000  feet  and  more,  before  ihey  bend  round 


again.     There  are  many  flexures  not  inferior  in  dimensions  in  the 
Pyrenees,  as  those  near  Gavarnie,  at  the  base  of  Mont  Perdu. 

Unconformable  Hralificalion. — Strata  are  said  to  be  unconform- 
able,  when  one  series  is  so  placed  over  another,  that  the  planes  of  the 
superior  repose  on  the  edges  of  the  inferior  (see  fig.  83.).     In  this 


case  it  is  evident  that  a  period  had  elapsed  between  the  production 
of  the  two  sets  of  strat^  and  that,  during  this  interval,  the  older 
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series  had  been  tilted  and  disturbed.  Afterwards  the  upper  series 
was  thrown  down  in  horizontal  strata  upon  it.  If  these  superior 
beds,  as  d,  d,  6g.  83.,  are  also  inclined,  it  is  plain  that  the  lower 
strata  a,  o,  have  been  twice  displaced ;  first,  before  the  deposition  of 
the  newer  beds,  d,  d,  and  a  second  time  when  these  same  strata  were 
thrown  out  of  the  horizontal  position. 

Playfair  has  remarked*  that  this  kind  of  junction  which  we  now 
call  unconformable  had  been  described  before  the  time  of  Hutton, 
but  that  he  was  the  first  geologist  who  appreciated  its  importance,  as 
illustrating  the  high  antiquity  and  great  revolutions  of  the  globe. 
He  had  observed  that  where  such  contacts  occur,  the  lowest  beds  of 
the  newer  series  very  generally  consist  of  a  breccia  or  conglomerate 
consisting  of  angular  and  rounded  fragments,  derived  from, the  break- 
ing up  of  the  more  ancient  rocks.  On  one  occasion  the  Scotch 
geologist  took  his  two  distinguished  pupils,  Playfair  and  Sir  James 
Hall,  to  the  cliffs  on  the  east  coast  of  Scotland  near  the  village  of 
Eyemouth,  not  far  from  St.  Abb's  Head,  where  the  schists  of  the 
Lammermuir  range  are  undermined  and  dissected  by  the  sea.  Here 
the  curved  and  vertical  strata,  now  known  to  be  of  Silurian  age,  and 
which  often  exhibit  a  ripple-marked  surface  f,  are  well  exposed  at 
the  headland  called  the  Siccar  Point,  penetrating  with  their  edges 
into  the  incumbent  beds  of  slightly  inclined  sandstone,  in  which  large 
pieces  of  the  schist,  some  round  and  others  angular,  are  united  by  an 
arenaceous  cement.  "  What  clearer  evidence,"  exclaims  Playfair, 
**  could  we  have  had  of  the  different  formation  of  these  rocks,  and  of 
the  long  interval  which  separated  their  formation  had  we  actually 
seen  them  emerging  from  the  bosom  of  the  deep  ?  We  felt  ourselves 
necessarily  carried  back  to  the  time  when  the  schistus  on  which  we 
stood  was  yet  at  the  bottom  of  the  sea,  and  when  the  sandstone  before 
us  was  only  beginning  to  be  deposited  in  the  shape  of  sand  or  mud, 
from  the  waters  of  a  superincumbent  ocean.  An  epoch  still  more 
remote  presented  itself,  when  even  the  most  ancient  of  these  rocks, 
instead  of  standing  upright  in  vertical  beds,  lay  in  honzontal  planes 
at  the  bottom  of  the  sea,  and  was  not  yet  disturbed  by  that  immea- 
surable force  which  has  burst  asunder  the  solid  pavement  of  the 
globe.  Revolutions  still  more  remote  appeared  in  the  distance  of 
this  extraordinary  perspective.  The  mind  seemed  to  grow  giddy  by 
looking  so  far  into  the  abyss  of  time ;  and  while  we  listened  with 
earnestness  and  admiration  to  the  philosopher  who  was  now  unfolding 
to  us  the  order  and  series  of  these  wonderful  events,  we  became  sen- 
sible how  much  farther  reason  may  sometimes  go  than  imagination 
can  venture  to  follow."  f 

In  the  frontispiece  of  this  volume  the  reader  will  see  a  view  of  this 
classical  spot,  reduced  from  a  large  picture,  faithfully  sketched  and 
coloured  from  nature  by  the  youngest  son  of  the  late  Sir  James  Hall. 
It  was  impossible,  however,  to  do  justice  to  the  original  sketch,  in  an 

♦  Biographical  account  of  Dr.  Hutton.         %  Playfair,  ibid. ;  see  his  Works,  Edin. 
t  See  above,  p.  49,  and  section.  1822,  vol.  iv,  p.  81. 
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engraving,  as  the  contrast  of  tlie  red  sandstone  and  the  light  fawn- 
coloured  vertical  schists  could  not  be  expressed.  From  the  point  of 
view  here  selected,  the  underlying  beds  of  the  perpendicular  schist,  a, 
are  visible  at  b  through  a  small  opening  in  the  fractured  beds  of  the 
covering  of  red  sandstone,  d  d,  while  on  the  vertical  face  of  the  old 
schist  at  a'  a"  a  conspicuous  ripple-mark  is  displayed. 

It  often  happens  that  in  the  interval  between  the  deposition  of  two 
sets  of  unconformable  strata,  the  inferior  rock  has  not  only  been 
denuded,  but  drilled  by  perforating  shelb.  Thus,  for  example,  at 
Autreppe  and  Gusigny,  near  Mons,  beds  of  an  ancient  (paleozoic) 

Fig.  &4. 


Junction  of  uncomformable  strata  near  Mons,  in  Belgium. 

limestone,  highly  inclined,  and  often  bent,  are  covered  with  horizontal 
strata  of  greenish  and  whitish  marls  of  the  Cretaceous  formation. 
The  lowest  and  therefore  the  oldest  bed  of  the  horizontal  series  is 
usually  the  sand  and  conglomerate,  a,  in  which  are  rounded  fragments 
of  stone,  from  an  inch  to  two  feet  in  diameter.  These  fragments  have 
often  adhering  shells  attached  to  them,  and  have  been  bored  by  per- 
forating moUusca.  The  solid  surface  of  the  inferior  limestone  has 
also  been  bored,  so  as  to  exhibit  cylindrical  and  pear-shaped  cavities, 
as  at  r,  the  work  of  saxicavous  mollusca ;  and  many  rents,  as  at  6, 
which  descend  several  feet  or  yards  into  the  limestone,  have  been 
filled  with  sand  and  shells,  similar  to  those  in  the  stratum  a. 

Fractures  of  the  strata  and  faults, — Numerous  rents  may  often  be 
seen  in  rocks  which  appear  to  have  been  simply  broken,  the  sepa- 
rated parts  remaining  in  the  same  places  ;  but  we  often  find  a  fissure, 
several  inches  or  yards  wide,  intervening  between  the  disunited  por- 
tions. These  fissures  arc  usually  filled  with  fine  earth  and  sand,  or 
with  angular  fragments  of  stone,  evidently  derived  from  the  fracture 
of  the  contiguous  rocks. 

The  face  of  each  wall  of  the  fissure  is  often  beautifully  polished,  as 
if  glazed,  and  not  unfrequently  striated  or  scored  with  parallel  furrows 
and  ridges,  such  as  would  be  produced  by  the  continued  rubbing 
together  of  surfaces  of  unequal  hardness.  These  polished  surfaces  are 
called  by  miners  "  slickensides."  It  is  supposed  that  the  lines  of  the 
striae  indicate  the  direction  in  which  the  rocks  were  moved.  During 
one  of  the  minor  earthquakes  in  Chili,  which  happened  about  the 
year  1840,  and  was  described  to  me  by  an  eye-witness,  the  brick 
walls  of  a  building  were  rent  vertically  in  several  places,  and  made 
to  vibrate  for  several  minutes  during  each  shock,  after  which  they 
remained  uninjured,  and  without  any  opening,  although  the  line  of 
each  crack  was  still  visible.     When  all  movement  had  ceased,  there 
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were  seen  on  the  floor  of  the  bonse,  at  the  bottom  of  each  rent,  small 
beaps  of  fine  brick  dost,  evidently  prodaced  bj  trituration. 

It  is  not  uncommon  to  find  the  mass  of  rock,  cm  one  side  of  a 
fissnre,  thrown  up  above  or  down  below  the  mass  with  which  it  was 
once  in  contact  on  the  other  side.  This  mode  of  displacement  is 
called  a  shift,  slip,  or  fault.  ^  The  miner,*  sa js  Plajfair,  describing  a 
fault,  ^*  is  often  perplexed,  in  his  subterraneous  journey,  by  a  derange- 
ment in  the  strata,  which  changes  at  once  all  those  lines  and  bearings 
which  had  hitherto  directed  his  course.  When  his  mine  reaches  a 
certain  plane,  which  is  sometimes  perpendicular,  as  in  A  B,  fig.  85 , 
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sometimes  oblique  to  the  horizon  (as  in  CD,  ibid.),  he  finds  the  beds 
of  rock  broken  asunder,  those  on  the  one  side  of  the  plane  having 
changed  their  place,  by  sliding  in  a  particular  direction  along  the 
face  of  the  others.  In  this  motion  they  have  sometimes  preserved 
their  parallelism,  as  in  fig.  80.,  so  that  the  strata  on  each  side  of  the 
faults  A 6,  CD,  continue  parallel  to  one  another;  in  other  cases,  the 
strata  on  each  side  are  inclined,  as  in  a,  6,  r,  d^  (fig.  86.),  though 

Fi«.86. 


E  F,  fault  or  fissure  filled  with  rubbish,  oo  each  side  of  which  the  shifted 

strata  are  not  parallel. 

their  identity  is  still  to  be  recognized  by  their  possessing  the  same 
thickness,  and  the  same  internal  characters."* 

In  Coalbrook  Dale,  says  Mr.  Prestwichf,  deposits  of  sandstone, 
shale,  and  coal,  several  thousand  feet  thick,  and  occupying  an  area 
of  many  miles,  have  been  shivered  into  fragments,  and  the  broken 
remnants  have  been  placed  in  very  discordant  positions,  of^en  at 
levels  difiering  several  hundred  feet  from  each  other.  The  sides  of 
the  faults,  when  perpendicular,  are  commonly  separated  several  yards, 
but  are  sometimes  as  much  as  50  yards  asunder,  the  interval  being 
filled  with  broken  debris  of  the  strata.     In  following  the  course  of 

♦  Playfiur,  Ilhut.  of  Hutt  Theoiy,  t  GcoL  Trans,  second  scries,  voLv. 
§  42.  p.  452. 
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the  same  fault  it  is  sometimes  found  to  produce  in  different  places 
very  unequal  changes  of  level,  the  amount  of  shift  being  in  one  place 
300,  and  in  another  700  feet,  which  arises,  in  some  cases,  from  the 
union  of  two  or  more  faults.  In  other  words,  the  disjointed  strata 
have  in  certain  districts  been  subjected  to  renewed  movements,  which 
they  have  not  suffered  elsewhere. 

We  may  occasionally  see  exact  counterparts  of  these  slips,  on  a 
small  scale,  in  pits  of  fine  loose  sand  and  gravel,  many  of  which  have 
doubtless  been  caused  by  the  drying  and  shrinking  of  argillaceous 
and  other  beds,  slight  subsidences  having  taken  place  from  failure 
of  support.  Sometimes,  however,  even  these  small  slips  may  have 
been  produced  during  earthquakes ;  for  land  has  been  moved,  and  its 
level,  relatively  to  the  sea,  considerably  altered,  within  the  period 
when  much  of  the  alluvial  sand  and  gravel  now  covering  the  surface 
of  continents  was  deposited. 

I  have  already  stated  that  a  geologist  must  be  on  his  guard,  in  a 
region  of  disturbed  strata,  against  inferring  repeated  alternations  of 
rocks,  when,  in  fact,  the  same  strata,  once  continuous,  have  been 
bent  round  so  as  to  recur  in  the  same  section,  and  with  the  same  dip. 
A  similar  mistake  has  often  been  occasioned  by  a  series  of  faults. 

If,  for  example,  the  dark  line  AH  {fig,  87.)  represent  the  surface 
of  a  country  on  which  the  strata  ad c  frequently  crop  out,  an  observer. 

Fig.  87. 
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Apparent  altematioai  or  strata  caused  by  rertical  flsults. 

who  is  proceeding  from  H  to  A,  might  at  first  imagine  that  at  every 
step  he  was  approaching  new  strata,  whereas  the  repetition  of  the 
same  beds  has  been  caused  by  vertical  faults,  or  downthrows.  Thus, 
suppose  the  original  mass.  A,  B,  C,  D,  to  have  been  a  set  of  uniformly 
inclined  strata,  and  that  the  different  masses  under  £F,  FG,  and 
6  D,  sank  down  successively,  so  as  to  leave  vacant  the  spaces  marked 
in  the  diagram  by  dotted  lines,  and  to  occupy  those  marked  by  the 
continuous  lines,  then  let  denudation  take  place  along  the  line  AH, 
so  that  the  protruding  masses  indicated  by  the  fainter  lines  are  swept 
away, — a  miner,  who  has  not  discovered  the  faults,  finding  the  mass 
a,  which  we  will  suppose  to  be  a  bed  of  coal  four  times  repeated, 
might  hope  to  find  four  beds,  workable  to  an  indefinite  depth,  but 
first  on  arriving  at  the  fault  G  he  is  stopped  suddenly  in  his  workings. 
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upon  reaching  the  strata  of  sandstone  c,  or  on  arriving  at  the  line  of 
fault  F  he  comes  partly  upon  the  shale  b,  and  partly  on  the  sandstone 
c,  and  on  reaching  £  he  is  again  stopped  by  a  wall  composed  of  the 
rock  d. 

The  very  different  levels  at  which  the  separated  parts  of  the  same 
strata  are  found  on  the  different  &ides  of  the  fissure,  in  some  faults, 
is  truly  astonishing.  One  of  the  most  celebrated  in  England  is  that 
called  the  "  ninety-fathom  dike,"  in  the  coal-field  of  Newcastle.  This 
name  has  been  given  to  it,  because  the  same  beds  are  ninety  fathoms 
lower  on  the  northern  than  they  are  on  the  southern  side.  The 
fissure  has  been  filled  by  a  body  of  sand,  which  is  now  in  the  state 
of  sandstone,  and  is  called  the  dike,  which  is  sometimes  very  narrow, 
but  in  other  places  more  than  twenty  yards  wide.*  The  walls  of  the 
fissure  are  scored  by  grooves,  such  as  would  have  been  produced  if 
the  broken  ends  of  the  rock  had  been  rubbed  along  the  plane  of  the 
fault.f  In  the  Tynedale  and  Craven  faults,  in  the  north  of  England, 
the  vertical  displacement  is  still  greater,  and  has  extended  in  a  hori- 
zontal direction  for  a  distance  of  thirty  miles  or  more.  Some  geolo- 
gists consider  it  necessary  to  imagine  that  the  upward  or  downwai*d 
movement  in  these  cases  was  accomplished  at  a  single  stroke,  and 
not  by  a  series  of  sudden  but  interrupted  movements.  This  idea 
appears  to  have  been  derived  from  a  notion  that  the  grooved  walls 
have  merely  been  rubbed  in  one  direction.  But  this  is  so  far  from 
being  a  constant  phenomenon  in  faults,  that  it  has  often  been  objected 
to  the  received  theory  respecting  those  polished  surfaces  called 
"  slickensides "  (see  above,  p.  61.),  that  the  striae  are  not  always 
parallel,  but  often  curved  and  irregular.  It  has,  moreover,  been  re- 
marked, that  not  only  the  walls  of  the  fissure  or  fault,  but  its  earthy 
contents,  sometimes  present  the  same  polished  and  striated  faces. 
Now  these  facts  seem  to  indicate  partial  changes  in  the  direction  of 
the  movement,  and  some  slidings  subsequent  to  the  first  filling  up  of 
the  fissure.  Suppose  the  mass  of  rock  A,  B,  C,  to  overlie  an  ex- 
tensive chasm  rfe,  formed  at  the  depth  of  several  miles,  whether  by 


^^m^mmm^^m^^^ 


the  gradual  contraction  in  bulk  of  a  melted  mass  passing  into  a  solid 
or  crystalline  state,  or  the  shrinking  of  argillaceous  strata,  baked  by  a 
moderate  heat,  or  by  the  subtraction  of  matter  by  volcanic  action,  or 
any  other  cause.  Now,  if  this  region  be  convulsed  by  earthquakes, 
the  fissures  fg,  and  others  at  right  angles  to  them,  may  sever  the 
mass  B  from  A  and  from  C,  so  that  it  may  move  freely,  and  begin 
to  sink  into  the  chasm.     A  fracture  may  be  conceived  so  clean  and 

♦  Conybcare  and    Phillips,   Outlines,        f  Phillips,  Geology,  Lardncr's  Cyclop. 
&c  p.  376.  p.  41. 
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perfect  as  to  allow  it  to  subside  at  once  to  the  bottom  of  the  subter- 
ranean cavity ;  but  it  is  far'  more  probable  that  the  sinking  will  be 
effected  at  successive  periods  during  different  earthquakes,  the  mass 
always  continuing  to  slide  in  the  same  direction  along  the  planes  of 
the  fissures/^,  and  the  edges  of  the  falling  mass  being  continually 
more  broken  and  triturated  at  each  convulsion.  If,  as  is  not  im- 
probable, the  circumstances  which  have  caused  the  failure  of  support 
continue  in  operation,  it  may  happen  that  when  the  mass  B  has  filled 
the  cavity  first  formed,  its  foundations  will  again  give  way  under  it, 
so  that  it  will  fall  again  in  the  same  direction.  But,  if  the  direction 
should  change,  the  fact  could  not  be  discovered  by  observing  the 
slickensides,  because  the  last  scoring  would  efface  the  lines  of  pre- 
vious friction.  In  the  present  state  of  our  ignorance  of  the  causes 
of  subsidence,  an  hypothesis  which  can  explain  the  great  amount  of 
displacement  in  some  faults,  on  sound  mechanical  principles,  by  a 
succession  of  movements,  is  far  preferable  to  any  theory  which  as- 
sumes each  fault  to  have  been  accomplished  by  a  single  upcast  or 
downthrow  of  several  thousand  feet.  For  we  know  that  there  are 
operations  now  in  progress,  at  great  depths  in  the  interior  of  the 
earth,  by  which  both  large  and  small  tracts  of  ground  are  made  to 
rise  above  and  sink  below  their  former  level,  some  slowly  and  in- 
sensibly, others  suddenly  and  by  starts,  a  few  feet  or  yards  at  a  time ; 
whereas  there  are  no  grounds  for  believing  that,  during  the  last  3000 
years  at  least,  any  regions  have  been  either  upheaved  or  depressed, 
at  a  single  stroke,  to  the  amount  of  several  hundred,  much  less  several 
thousand  feet.  When  some  of  the  ancient  marine  formations  are 
described  in  the  sequel,  it  will  appear  that  their  structure  and  organic 
contents  point  to  the  conclusion,  that  the  floor  of  the  ocean  was  slowly 
sinking  at  the  time  of  their  origin.  The  downward  movement  was 
very  gradual,  and  in  Wales  and  the  contiguous  parts  of  England,  a 
maximum  thickness  of  32,000  feet  (more  than  six  miles)  of  Carbon- 
iferous, Devonian,  and  Silurian  rock  was  formed,  whilst  the  bed  of  the 
sea  was  all  the  time  continuously  and  tranquilly  subsiding.*  What- 
ever may  have  been  the  changes  which  the  solid  foundation  underwent, 
whether  accompanied  by  the  melting,  consolidation,  crystallization, 
or  desiccation  of  subjacent  mineral  matter,  it  is  clear  from  the  fact 
of  the  sea  having  remained  shallow  all  the  while  that  the  bottom 
never  sank  down  suddenly  to  the  depth  of  many  hundred  feet  at 
once. 

It  is  by  assuming  such  reiterated  variations  of  level,  each  separately 
of  small  vertical  amount,  but  multiplied  by  time  till  they  acquire  im- 
portance in  the  aggregate,  that  we  are  able  to  explain  the  phenomena 
of  denudation,  which  will  be  treated  of  in  the  next  chapter.  By  such 
movements  every  portion  of  the  surface  of  the  land  becomes  in  its 
turn  a  line  of  coast,  and  is  exposed  to  the  action  of  the  waves  and 
tides.     A  country  which  is  undergoing   such  movement  is  never 

*  See  the  results  of  the  "  Geological  Survey  of  Great  Britain ;"  Memoirs,  vols. 
L  and  ii.,  by  Sir  H.  De  la  Beche,  Mr.  A.  C.  Ramsay,  and  Mr.  John  Phillips. 
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allowed  to  settle  into  a  state  of  equilibrium,  therefore  the  force  of  rivers 
and  torrents  to  remove  or  excavate  soil  rockj  masses  is  sustained  in 
undiminished  energy. 


CHAPTER  VI. 

DENUDATION. 

Denudation  defined — Its  amount  equal  to  the  entire  mass  of  stratified  deposits  in 
the  earth's  crust — Horizontal  sandstone  denuded  in  Boss-shire — Lerelled  surface 
of  countries  in  which  great  faults  occur — Coalbrook  Dale — Denuding  power  of 
the  ocean  during  the  emergence  of  land — Origin  of  valleys — Obliteration  of  sea- 
cliffs — Inland  sea-cliffs  and  terraces  in  the  Morea  and  Sicily — Limestone  pillars 
at  St.  Mihiel,  in  France — in  Canada — in  the  Bermudas. 

Denudation,  which  has  been  occasionally  spoken  of  in  the  preceding 
chapters,  is  the  removal  of  solid  matter  hj  running  water,  whether 
bj  a  river  or  marine  current,  and  the  consequent  laying  bare  of  some 
inferior  rock.  Geologists  have  perhaps  been  seldom  in  the  habit  of 
reflecting  that  this  operation  has  exerted  an  influence  on  the  structure 
of  the  earth's  crust  as  universal  and  important  as  sedimentary  de- 
position itself;  for  denudation  is  the  inseparable  accompaniment  of 
the  production  of  all  new  strata  of  mechanical  origin.  The  formation 
of  every  new  deposit  by  the  transport  of  sediment  and  pebbles  neces- 
sarily implies  that  there  has  been,  somewhere  else,  a  grinding  down 
of  rock  into  rounded  fragments,  sand,  or  mud,  equal  in  quantity  to 
the  new  strata.  All  deposition,  therefore,  except  in  the  case  of  a 
shower  of  volcanic  ashes,  is  the  sign  of  superficial  waste  going  on 
contemporaneously,  and  to  an  equal  amount  elsewhere.  The  gain  at 
one  point  is  no  more  than  sufficient  to  balance  the  loss  at  some  other. 
Here  a  lake  has  grown  shallower,  there  a  ravine  has  been  deepened. 
The  bed  of  the  sea  has  in  one  region  been  raised  by  the  accumulation 
of  new  matter,  in  another  its  depth  has  been  augmented  by  the  ab- 
straction of  an  equal  quantity. 

When  we  see  a  stone  building,  we  know  that  somewhere,  far  or 
near,  a  quarry  has  been  opened.  The  courses  of  stone  in  the  building 
may  be  compared  to  successive  strata,  the  quarry  to  a  ravine  or  valley 
which  has  suffered  denudation.  As  the  strata,  like  the  courses  of 
hewn  stone,  have  been  laid  one  upon  another  gradually,  so  the  ex- 
cavation both  of  the  valley  and  quarry  have  been  gradual.  To  pursue 
the  comparison  still  farther,  the  superficial  heaps  of  mud,  sand,  and 
gravel  usually  called  alluvium,  may  be  likened  to  the  rubbish  of  a 
quarry  which  has  been  rejected  as  useless  by  the  workmen,  or  has 
fallen  upon  the  road  between  the  quarry  and  the  building,  so  as  to 
lie  scattered  at  random  over  the  ground. 

If,  then,  the  entire  mass  of  stratified  deposits  in  the  earth's  crust 
is  at  once  the  monument  and  measure  of  the  denudation  which  has 
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taken  place,  on  how  stupendous  a  scale  ought  we  to  find  the  signs  of 
this  removal  of  transported  materials  in  past  ages!  Accordingly, 
there  are  difi^erent  classes  of  phenomena,  which  attest  in  a  most 
striking  manner  the  vast  spaces  left  vacant  by  the  erosive  power  of 
water.  I  may  allude,  first,  to  those  valleys  on  both  sides  of  which 
the  same  strata  are  seen  following  each  other  in  the  same  order,  and 
having  the  same  mineral  composition  and  fossil  contents.  We  may 
observe,  for  example,  several  formations,  as  Nos.  1,  2,  3,  4,  in  the 
Fig.  89.  _j  accompanying  diagram  (fig.  89.);  No.  1. 

conglomerate,  No.  2.  clay.  No.  3.  grit,  and 
No.  4.  limestone,  each  repeated  in  a  series 
of  hills  separated  by  valleys  varying  in 
depth.  When  we  examine  the  subordi- 
nate parts  of  these  four  formations,  we 
find,  in  like  manner,  distinct  beds  in  each, 
corresponding,  on  the  opposite  sides  of  the  valleys,  both  in  compo- 
sition and  order  of  position.  No  one  can  doubt  that  the  strata  were 
originally  continuous,  and  that  some  cause  has  swept  away  the  por- 
tions which  once  connected  the  whole  series.  A  torrent  on  the  side 
of  a  mountain  produces  similar  interruptions ;  and  when  we  make 
artificial  cuts  in  lowering  roads,  we  expose^  in  like  manner,  corre- 
sponding beds  on  either  side.  But  in  nature,  these  appearances  occur 
in  mountains  several  thousand  feet  high,  and  separated  by  intervals 
of  many  miles  or  leagues  in  extent,  of  which  a  grand  exemplification 
is  described  by  Dr.  Macculloch,  on  the  north-western  coast  of  Ross- 
shire,  in  Scotland.* 


Valleys  of  denudation. 
a.  alluTium. 


Suil  Veinn. 


Fig.  90. 


Coal  beg.       Cool  more. 


Denudation  of  red  sandstone  on  north-west  coast  of  Ross-shlre.    (Macculloch.) 

The  fundamental  rock  of  that  country  is  gneiss,  in  disturbed  strata, 
on  which  beds  of  nearly  horizontal  red  sandstone  rest  unconformably. 
The  latter  are  often  very  thin,  forming  mere  fiags,  with  their  surfaces 
distinctly  ripple-marked.  They  end  abruptly  on  the  declivities  of 
many  insulated  mountains,  which  rise  up  at  once  to  the  height  of 
about  2000  feet  above  the  gneiss  of  the  surrounding  plain  or  table 
land,  and  to  an  average  elevation  of  about  3000  feet  above  the  sea, 
which  all  their  summits  generally  attain.  The  base  of  gneiss  varies 
in  height,  so  that  the  lower  portions  of  the  sandstone  occupy  dificrent 
levels,  and  the  thickness  of  the  mass  is  various,  sometimes  exceeding 
3000  feet.  It  is  impossible  to  compare  these  scattered  and  detached 
portions  without  imagining  that  the  whole  country  has  once  been 
covered  with  a  great  body  of  sandstone,  and  that  masses  from  1000 
to  more  than  3000  feet  in  thickness  have  been  removed. 

In  the  "  Survey  of  Great  Britain "  (vol.  i.),  Professor  Ramsay 


*  Western  Islands,  vol.  ii  p.  93.  pL  31.  fig.  4. 

r  2 


68  DENUDATION  [Ch.  VL 

has  shown  that  the  missing  beds,  removed  from  the  summit  of  the 
Mendips,  must  have  been  nearly  a  mile  in  thickness;  and  he  has 
pointed  out  considerable  areas  in  South  Wales  and  some  of  the  ad- 
jacent counties  of  England,  where  a  series  of  palasozoic  strata  not 
less  than  1 1,000  feet  in  thickness  have  been  stripped  off.     All  these 
materials  have  of  course  been  transported  to  new  regions,  and  have 
entered  into  the  composition  of  more  modem  formations.     On  the 
other  hand,  it  is  shown  by  observations  in  the  same  "  Survey,"  that  the 
palaeozoic  strata  are  from  20,000  to  30,000  feet  thick.     It  is  clear 
that  such  rocks,  formed  of  mud  and  sand  now  for  the  most  part  con- 
solidated, are  the  monuments  of  denuding  operations,  which   took 
place  on  a  grand  scale  at  a  very  remote  period  in  the  earth's  history. 
For  whatever  has  been  given  to  one  area  must  always  have  been 
borrowed  from  another  ;  a  truth  which,  obvious  as  it  may  seem  when 
thus  stated,  must  be  repeatedly  impressed  on  the  student's  mind, 
because  in  many  geological  speculations  it  is  taken  for  granted  that 
the  external  crust  of  the  earth  has  been  always  growing  thicker,  in 
consequence  of  the  accumulation,  period  after  period,  of  sedimentary 
matter,  as  if  the  new  strata  were  not  always  produced  at  the  expense 
of  pre-existing  rocks,  stratified  or  unstratified.     By  duly  reflecting 
on  the  fact,  that  all  deposits  of  mechanical  origin  imply  the  trans- 
portation from  some  other  region,  whether  contiguous  or  remote,  of 
an  equal  amount  of  solid  matter,  we  perceive  that  the  stony  exterior 
of  the  planet  must  always  have  grown  thinner  in  one  place  whenever, 
by  accessions  of  new  strata,  it  was  acquiring  density  in  another.     No 
doubt  the  vacant  space  left  by  the  missing  rocks,  after  extensive 
denudation,  is  less  imposing  to  the  imagination  than  a  vast  thickness 
of  conglomerate  or  sandstone,  or  the  bodily  presence  as  it  were  of  a 
mountain -chain,  with  all  its  inclined  and  curved  strata.     But  the 
denuded  tracts  speak  a  clear  and  emphatic  language  to  our  reason, 
and,  like  repeated  layers  of  fossil  nummulites,  corals,  or  shells,  or 
like  numerous  seams  of  coal,  each  based  on  its  under  clay  full  of  the 
roots  of  trees  still  remaining  in  their  natural  position,  demand  an 
indefinite  lapse  of  time  for  their  elaboration. 

No  one  will  maintain  that  the  fossils  entombed  in  these  rocks  did 
not  belong  to  many  successive  generations  of  plants  and  animals. 
In  like  manner,  each  sedimentary  deposit  attests  a  slow  and  gradual 
action,  and  the  strata  not  only  serve  as  a  measure  of  the  amount  of 
denudation  simultaneously  efiected  elsewhere,  but  are  also  a  correct 
indication  of  the  rate  at  which  the  denuding  operation  was  carried 
on. 

Perhaps  the  most  convincing  evidence  of  denudation  on  a  mag- 
nificent scale  is  derived  from  the  levelled  surfaces  of  districts  where 
large  faults  occur.  I  have  shown,  in  fig.  87.  p.  63.,  and  in  fig.  91., 
how  angular  and  protruding  masses  of  rock  might  naturally  have 
been  looked  for  on  the  surface  immediately  above  great  faults,  al- 
though in  fact  they  rarely  exist.  This  phenomenon  may  be  well 
studied  in  those  districts  where  coal  has  been  extensively  worked,  for 
there  the  former  relation  of  the  beds  which  have  shifted  their  position 
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may  be  determined  with  great  accuracy.     Thus  in  the  coal-field  of 
Ashby  de  la  Zouch,  in  Leicestershire  (see  fig.  91.),  a  fault  occurs,  on 


Fig.  91. 


FaulU  and  denuded  coal  strata,  Ashljr  de  la  Zouch.    (Mammat.) 

one  side  of  which  the  coal  beds  abed  rise  to  the  height  of  600  feet 
above  the  corresponding  beds  on  the  other  side.  But  the  uplifted 
strata  do  not  stand  up  500  feet  above  the  general  surface ;  on  the 
contrary,  the  outline  of  the  country,  as  expressed  by  the  line  z  z,  is 
uniform  and  unbroken,  and  the  mass  indicated  by  the  dotted  outline 
must  have  been  washed  away.*  There  are  proofs  of  this  kind  in 
some  level  countries,  where  dense  masses  of  strata  have  been  cleared 
away  from  areas  several  hundred  square  miles  in  extent. 

In  the  Newcastle  coal  district  it  is  ascertained  that  faults  occur  in 
which  the  upward  or  downward  movement  could  not  have  been  less 
than  140  fathoms,  which,  had  they  affected  equally  the  configuration 
of  the  surface  to  that  amount,  would  produce  mountains  with  pre- 
cipitous escarpments  nearly  1000  feet  high,  or  chasms  of  the  like 
depth;  yet  is  the  actual  level  of  the  country  absolutely  uniform, 
affording  no  trace  whatever  of  subterranean  movements.f 

The  ground  from  which  these  materials  have  been  removed  is 
usually  overspread  with  heaps  of  sand  and  gravel,  formed  out  of  the 
ruins  of  the  very  rocks  which  have  disappeared.  Thus,  in  the  dis- 
tricts above  referred  to,  they  consist  of  rounded  and  angular  frag- 
ments of  hard  sandstone,  limestone,  and  ironstone,  with  a  small 
quantity  of  the  more  destructible  shale,  and  even  rounded  pieces  of 
coal. 

Allusion  has  been  already  made  to  the  shattered  state  and  dis- 
cordant position  of  the  carbonifeiH)us  strata  in  Coalbrook  Dale 
(p.  62.).  The  collier  cannot  proceed  three  or  four  yards  without 
meeting  with  small  slips,  and  from  time  to  time  he  encounters  faults 
of  considerable  magnitude,  which  have  thrown  the  rocks  up  or 
down  several  hundred  feet.  Yet  the  superficial  inequalities  to  which 
these  dislocated  masses  originally  gave  rise  are  no  longer  discernible, 
and  the  comparative  flatness  of  the  existing  surface  can  only  be 
explained,  as  Mr.  Prestwich  has  observed,  by  supposing  the  frac- 
tured portions  to  have  been  removed  by  water.  It  is  also  clear  that 
strata  of  red  sandstone,  more  than  1000  feet  thick,  which  once 
covered  the  coal,  in  the  same  region,  have  been  carried  away  from 

*  See  Mamniat's  Geological  Facta,  &c  f  Conybeare's  Report  to  Brit  Assoc, 
pu  90.  and  platep  1832,  p.  381. 
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\krge  areas.  That  water  has,  in  this  case,  been  the  denuding  agent, 
we  may  infer  from  the  fact  that  the  rocks  have  yielded  according  to 
their  different  degrees  of  hardness  ;  the  hard  trap  of  the  Wrekin, 
for  example,  and  other  hills,  having  resisted  more  than  the  softer 
shale  and  sandstone,  so  as  now  to  stand  out  in  bold  relief.* 

Origin  of  valleys. — Many  of  the  earlier  geologists,  and  Dr.  Hutton 
among  them,  taught  that  *'  rivers  have  in  general  hollowed  out  their 
valleys."  This  is  true  only  of  rivulets  and  torrents  which  are  the 
feeders  of  the  larger  streams,  and  which,  descending  over  rapid 
slopes,  are  most  subject  to  temporary  increase  and  diminution  in  the 
volume  of  their  waters.  The  quantity  of  mud,  sand,  and  pebbles 
constituting  many  a  modem  delta  proves  indisputably  that  no  small 
part  of  the  inequalities  now  existing  on  the  earth's  surface  are  due 
to  fluviatile  action ;  but  the  principal  valleys  in  almost  every  great 
hydrographical  basin  in  the  world,  are  of  a  shape  and  magnitude 
which  imply  that  they  have  been  due  to  other  causes  besides  the 
mere  excavating  power  of  rivers. 

Some  geologists  have  imagined  that  a  deluge,  or  succession  of 
deluges,  may  have  been  the  chief  denuding  agency,  and  they  have 
speculated  on  a  series  of  enormous  waves  raised  by  the  instantaneous 
upthrow  of  continepts  or  mountain  chains  out  of  the  sea.  But  even 
were  we  disposed  to  grant  such  sudden  upheavals  of  the  floor  of  the 
ocean,  and  to  assume  that  great  waves  would  be  the  consequence  of 
each  convulsion,  it  is  not  easy  to  explain  the  observed  phenomena 
by  the  aid  of  so  gratuitous  an  hypothesis. 

On  the  other  hand,  a  machinery  of  a  totally  different  kind  seems 
capable  of  giving  rise  to  effects  of  the  required  magnitude.  It  has 
now  been  ascertained  that  the  rising  and  sinking  of  extensive  por- 
tions of  the  earth's  crust,  whether  insensibly  or  by  a  repetition  of 
sudden  shocks,  is  part  of  the  actual  course  of  nature,  and  we  may 
easily  comprehend  how  the  land  may  have  been  exposed  during  these 
movements  to  abrasion  by  the  waves  of  the  sea.  In  the  same 
manner  as  a  mountain  mass  may,  in  the  course  of  ages,  be  formed 
by  sedimentary  deposition,  layer  after  layer,  so  masses  equally 
voluminous  may  in  time  waste  away  by  inches  ;  as,  for  example,  if 
beds  of  incoherent  materials  are  raised  slowly  in  an  open  sea  where 
a  strong  current  prevails.  It  is  well  known  that  some  of  these 
oceanic  currents  have  a  breadth  of  200  miles,  and  that  they  some- 
times run  for  a  thousand  miles  or  more  in  one  direction,  retaining  a 
considerable  velocity  even  at  the  depth  of  several  hundred  feet. 
Under  these  circumstances,  the  flowing  waters  may  have  power  to 
clear  away  each  stratum  of  incoherent  materials  as  it  rises  and 
approaches  the  surface,  where  the  waves  exert  the  greatest  force; 
and  in  this  manner  a  voluminous  deposit  may  be  entirely  swept 
away,  so  that,  in  the  absence  of  faults,  no  evidence  may  remain  of 
the  denuding  operation.  It  may  indeed  be  affirmed  that  the  signs  of 
waste  will  usually  be  least  obvious  where  the  destruction  has  been 

*  Prestwich,  Geol,  Trans,  second  series,  vol.  v,  pp.  452.  473. 
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most  complete ;  for  the  annihilation  may  have  proceeded  so  far,  that 
no  ruins  are  left  of  the  dilapidated  rocks. 

Although  denudation  has  had  a  levelling  influence  on  some 
countries  of  shattered  and  disturbed  strata  (see  fig.  87.  p.  63.  and 
^g.  91.  p.  69.),  it  has  more  commonly  been  the  cause  of  superficial 
inequalities,  especially  in  regions  of  horizontal  stratification.  The 
general  outline  of  these  regions  is  that  of  fiat  and  level  platforms, 
interrupted  by  valleys  often  of  considerable  depth,  and  ramifying 
in  various  directions.  These  hollows  may  once  have  formed  bays 
and  channels  between  islands,  and  the  steepest  slope  on  the  sides  of 
each  valley  may  have  been  a  sea-clifi",  which  was  undermined  for 
ages,  as  the  land  emerged  gradually  from  the  deep.  We  may 
suppose  the  position  and  course  of  each  valley  to  have  been  originally 
determined  by  differences  in  the  hardness  of  the  rocks,  and  by  rents 
and  joints  which  usually  occur  even  in  horizontal  strata.  In  moun- 
tain chains,  such  as  the  Jura  before  described  (see  fig.  71.  p.  55,\ 
we  perceive  at  once  that  the  principal  valleys  have  not  been  due  to 
aqueous  excavation,  but  to  those  mechanical  movements  which  have 
bent  the  rocks  into  their  present  form.  Yet  even  in  the  Jura  there 
are  many  valleys,  such  as  C  (fig.  71*),  which  have  been  hollowed  out 
by  water ;  and  it  may  be  stated  that  in  every  part  of  the  globe  the 
uuevenness  of  the  surface  of  the  land  has  been  due  to  the  combined 
influence  of  subterranean  movements  and  denudation. 

I  may  now  recapitulate  a  few  of  the  conclusions  to  which  we  have 
arrived :  first,  all  the  mechanical  strata  have  been  accumulated 
gradually,  and  the  concomitant  denudation  has  been  no  less  gradual : 
secondly^  the  dry  land  consists  in  great  part  of  strata  formed  origin- 
ally at  the  bottom  of  the  sea,  and  has  been  made  to  emerge  and 
attain  its  present  height  by  a  force  acting  from  beneath :  thirdly,  no 
combination  of  causes  has  yet  been  conceived  so  capable  of  pro- 
ducing extensive  and  gradual  denudation,  as  the  action  of  the  waves 
and  currents  of  the  ocean  upon  land  slowly  rising  out  of  the  deep. 

Now,  if  we  adopt  these  conclusions,  we  shall  naturally  be  led  to 
look  every  where  for  marks  of  the  former  residence  of  the  sea  upon 
the  land,  especially  near  the  coasts  from  which  the  last  retreat  of  the 
waters  took  place,  and  it  will  be  found  that  such  signs  are  not 
wanting. 

I  shall  have  occasion  to  speak  of  ancient  sea-clifls,  now  far  inland, 
in  the  south-east  of  England,  when  treating  in  Chapter  XIX.  of  the 
denudation  of  the  chalk  in  Surrey,  Kent,  and  Sussex.  Lines  of 
upraised  sea-beaches  of  more  modern  date  are  traced,  at  various 
levels  from  20  to  100  feet  and  upwards  above  the  present  sea-level, 
for  great  distances  on  the  east  and  west  coasts  of  Scotland,  as  well  as 
in  Devonshire,  and  other  counties  in  England.  These  ancient  beach- 
lines  often  form  terraces  of  sand  and  gravel,  including  littoral  shells, 
some  broken,  others  entire,  and  corresponding  with  species  now 
living  on  the  adjoining  coast.  But  it  would  be  unreasonable  to 
expect  to  meet  everywhere  with  the  signs  of  ancient  shores,  since  no 

geologist  can  have  failed  to  observe  how  soon  all  recent  marks  of  the 
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kind  above  alluded  to  are  obscured  or  entirely  effaced,  wherever,  in 
consequence  of  the  altered  state  of  the  tides  and  currents,  the  sea  has 
receded  for  a  few  centuries.  We  see  the  cliffs  crumble  down  in  a 
few  jears  if  composed  of  sand  or  claj,  and  soon  reduced  to  a  gentle 
slope.  J£  there  were  shells  on  the  beach  they  decompose,  and  their 
materials  are  washed  awaj,  after  which  the  sand  and  shingle  may 
resemble  anj  other  alluviums  scattered  over  the  interior. 

The  features  of  an  ancient  shore  maj  sometimes  be  concealed  hj 
the  growth  of  trees  and  shrubs,  or  bj  a  covering  of  blown  sand,  a 
good  example  of  which  occurs  a  few  miles  west  from  Dax,  near 
Bourdeaux,  in  the  south  of  France.  About  twelve  miles  inland,  a 
steep  bank  maj  be  traced  running  in  a  direction  nearly  north-east 
and  south-west,  or  parallel  to  the  contiguous  coast.  This  sudden 
fall  of  about  50  feet  conducts  us  from  the  higher  platform  of  the 
Landes  to  a  lower  plain  which  extends  to  the  sea.     The  outline  of 

Fig.W. 
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Section  of  Inkuid  cliff  at  Abesie,  near  Dax. 
a.  Sand  of  the  Landes.  b.  Limestone.  e.  Clay. 

the  ground  suggested  to  me,  as  it  would  do  to  every  geologist,  the 
opinion  that  the  bank  in  question  was  once  a  sea-cliff,  when  the 
whole  country  stood  at  a  lower  level.  But  this  is  no  longer  matter 
of  conjecture,  for,  in  making  excavations  in  1830  for  the  foundation 
of  a  building  at  Abesse,  a  quantity  of  loose  sand,  which  formed  the 
slope  dcy  was  removed ;  and  a  perpendicular  cliff,  about  50  feet  in 
height,  which  had  hitherto  been  protected  from  the  agency  of  the 
elements,  was  exposed.  At  the  bottom  appeared  the  limestone  by 
containing  tertiary  shells  and  corals,  immediately  below  it  the  clay  c, 
and  above  it  the  usual  tertiary  sand  a,  of  the  department  of  the 
Landes.  At  the  base  of  the  precipice  were  seen  large  partially 
rounded  masses  of  rock,  evidently  detached  from  the  stratum  b. 
The  face  of  the  limestone  was  hollowed  out  and  weathered  into  such 
forms  as  are  seen  in  the  calcareous  cliffs  of  the  adjoining  coast, 
especially  at  Biaritz,  near  Bayonne.  It  is  evident  that,  when  the 
country  was  at  a  somewhat  lower  level,  the  sea  advanced  along  the 
surface  of  the  argillaceous  stratum  c,  which,  from  its  yielding  nature, 
favoured  the  waste  by  allowing  the  more  solid  superincumbent  stone 
6  to  be  readily  undermined.  Afterwards,  when  the  country  had 
been  elevated,  part  of  the  sand,  a,  fell  down,  or  was  drifted  by  the 
winds,  so  as  to  form  the  talus,  de,  which  masked  the  inland  cliff 
until  it  was  artificially  laid  open  to  view. 

When  we  are  considering  the  various  causes  which,  in  the  course 
of  ages,  may  efface  the  characters  of  an  ancient  sea-coast,  earth- 
quakes must  not  be  forgotten.  During  violent  shocks,  steep  and 
overhanging  cliffs  are  often  thrown  down  and  become  a  heap  of 
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ruins.  Sometimes  unequal  moyements  of  upheaval  or  depression 
entirely  destroy  that  horizontality  of  the  base-line  which  constitutes 
the  chief  peculiaritj  of  an  ancient  sea-cliff. 

It  is,  however,  in  countries  where  hard  limestone  rocks  abound, 
that  inland  cliffs  retain  faithfully  the  characters  which  they  acquired 
when  they  constituted  the  boundary  of  land  and  sea.  Thus,  in  the 
Morea,  no  less  than  three,  or  even  four,  ranges  of  what  were  once 
sea-cliffs  are  well  preserved.  These  have  been  described,  by  MM. 
Boblaye  and  Yirlet,  as  rising  one  above  the  other  at  different  dis- 
tances from  the  actual  shore,  the  summit  of  the  highest  and  oldest 
occasionally  exceeding  1000  feet  in  elevation.  At  the  base  of  each 
there  is  usually  a  terrace,  which  is  in  some  places  a  few  yards,  in 
others  above  300  yards  wide,  so  that  we  are  conducted  from  the  high 
land  of  the  interior  to  the  sea  by  a  succession  of  great  steps.  These 
inland  cliffs  are  most  perfect,  and  most  exactly  resemble  those  now 
washed  by  the  waves  of  the  Mediterranean,  where  they  are  formed 
of  calcareous  rock,  especially  if  the  rock  be  a  hard  crystalline  marble. 
The  following  are  the  points  of  correspondence  observed  between  the 
ancient  coast  lines  and  the  borders  of  the  present  sea :  —  1.  A  range 
of  vertical  precipices,  with  a  terrace  at  their  base.  2.  A  weathered 
state  of  the  surface  of  the  naked  rock,  such  as  the  spray  of  the  sea 
produces.  3.  A  line  of  littoral  caverns  at  the  foot  of  the  cliffs.  4.  A 
consolidated  beach  or  breccia  with  occasional  marine  shells,  found  at 
the  base  of  the  cliffs,  or  in  the  caves.     6.  Lithodomous  perforations. 

In  regard  to  the  first  of  these^  it  would  be  superfluous  to  dwell  on 
the  evidence  afforded  of  the  undermining  power  of  waves  and  currents 
by  perpendicular  precipices.  The  littoral  caves^  also,  will  be  familiar 
to  those  who  have  had  opportunities  of  observing  the  manner  in 
which  the  waves  of  the  sea,  when  they  beat  against  rocks,  have 
power  to  scoop  out  caverns.  As  to  the  breccia,  it  is  composed  of 
pieces  of  limestone  and  rolled  fragments  of  thick  solid  shells,  such  as 
Stromhus  and  SpondyluSy  all  bound  together  by  a  crystalline  cal- 
careous cement.  Similar  aggregations  are  now  forming  on  the 
modern  beaches  of  Greece,  and  in  caverns  on  the  sea-side ;  and  they 
are  only  distinguishable  in  character  from  those  of  more  ancient 
date,  by  including  many  pieces  of  pottery.  In  regard  to  the  litho- 
domi  above  alluded  to,  these  bivalve  moUusks  are  well  known  to 
have  the  power  of  excavating  holes  in  the  hardest  limestones,  the 
size  of  the  cavity  keeping  pace  with  the  growth  of  the  shell.  When 
living  they  require  to  be  always  covered  by  salt  water,  but  similar 
pear-shaped  hollows,  containing  the  dead  shells  of  these  creatures, 
are  found  at  different  heights  on  the  face  of  the  inland  cliffs  above 
mentioned.  Thus,  for  example,  they  have  been  observed  near  Modon 
and  Navarino  on  cliffs  in  the  interior  125  feet  high  above  the  Medi- 
terranean. As  to  the  weathered  surface  of  the  calcareous  rocks,  all 
limestones  are  known  to  suffer  chemical  decomposition  when  moistened 
by  the  spray  of  the  salt  water,  and  are  corroded  still  more  deeply  at 
points  lower  down  where  they  are  just  reached  by  the  breakers.  By 
this  action  the  stone  acquires  a  wrinkled  and  furrowed  outline,  and 
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numerous  are  the  holes,  that  the  rock  is  compared  by  Hoffmann  to  a 
target  pierced  bj  musket  balls.    But  in  order  to  expose  to  view  these 
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a.  Monte  Grifone.  b.  Care  of  San  Cira* 

c.  Plain  of  Palermo,  In  which  are  Newer  Pliocene  strata  of 
limestone  and  sand.  d.  Bay  of  Palermo. 

marks  of  boring-shells  in  the  interior  of  the  cave,  it  was  necessary 
first  to  remove  a  mass  of  breccia,  which  consisted  of  numerous  frag- 
ments of  rock  and  an  immense  quantity  of  bones  of  the  mammoth, 
hippopotamus,  and  other  quadrupeds,  imbedded  in  a  dark  brown  cal- 
careous marl.  Many  of  the  bones  were  rolled  as  if  partially  subjected 
to  the  action  of  the  waves.  Below  this  breccia,  which  is  about  20 
feet  thick,  was  found  a  bed  of  sand  filled  with  sea-shells  of  recent 
species ;  and  underneath  the  sand,  again,  is  the  secondary  limestone 
of  Monte  Grifone.  The  state  of  the  surface  of  the  limestone  in  the 
cave  above  the  level  of  the  marine  sand  is  very  different  from  that 
below  it  AbovCy  the  rock  is  jagged  and  uneven,  as  is  usual  in  the 
roofs  and  sides  of  limestone  caverns ;  below,  the  surface  is  smooth  and 
polished,  as  if  by  the  attrition  of  the  waves. 

The  platform  indicated  at  c^  fig.  93.,  is  formed  by  a  tertiary  de- 
posit containing  marine  shells  almost  all  of  living  species,  and  it 
affords  an  illustration  of  the  terrace  of  deposition,  or  the  last  of  the 
two  kinds  before  mentioned  (p.  74.). 

There  are  also  numerous  instances  in  Sicily  of  terraces  of  denuda- 
tion. One  of  these  occurs  on  the  east  coast  to  the  north  of  Syracuse, 
and  the  same  is  resumed  to  the  south  beyond  the  town  of  Noto,  where 
it  may  be  traced  forming  a  continuous  and  lofty  precipice,  a  by  fig.  94., 
facing  towards  the  sea,  and  constituting  the  abrupt  termination  of  a  cal- 
careous formation,  which  extends  in  horizontal  strata  far  inland.  This 
precipice  varies  in  height  from  500  to  700  feet,  and  between  its  base 
and  the  sea  is  an  inferior  platform,  c  b,  consisting  of  similar  white 
limestone.  All  the  bedB  dip  towards  the  sea,  but  are  usually  inclined 
at  a  very  slight  angle :  they  are  seen  to  extend  uninterruptedly  from 
the  base  of  the  escarpment  into  the  platform,  showing  distinctly  that 
the  lofty  cliff  was  not  prodooed  by  a  fault  or  vertical  shift  of  the 
beds,  but  by  the  removal  of  a  considerable  mass  of  rock.  Hence  we 
may  conclude  that  the  sea,  which  is  now  undermining  the  cliffs  of 

*  Section  given  bj  Dr.  Christie,  Edin.  late  M.  Hoffmann.  See  account  by  ^Ir. 
New  Phil  Journ.  No.  xxiii.,  called  by  S.  P.  Pratt,  F.  G.  S.  Proceedings  of  Geol 
mistake  the  Cave  of  Mardolce,  by  the    Soc  Na  32,  1833. 
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the  Sicilinn  coast,  reached  at  some  former  period  the  base  of  the  pre- 
cipice a  b,  at  which  time  the  surface  of  the  terrace  c  b  must  have 


been  covered  by  the  Mediterranean.  There  was  a  pause,  therefore, 
in  the  upward  moTemest,  when  the  naves  of  the  sea  had  time  to 
carve  out  the  platform  e  bi  but  there  may  have  been  many  other 
statiouary  periods  of  minor  duration.  Suppose,  for  example,  that  a 
series  of  escarpments  ttj",  g,  H,  once  existed,  and  that  the  sea,  during 
a  long  interval  free  from  subterranean  movements,  advances  along 
the  line  e  fi,  all  preceding  cliffs  must  have  been  swept  away  one  after 
the  other,  and  reduced  to  the  single  precipice  a  b. 

That  such  a  series  of  smaller  cliffs,  as  those  represented  at  e,/,jr>  A, 
fig.  94.,  did  really  once  exist  at  intermediate  heights  in  place  of  the 
single  precipice  a  b,  is  rendered  highly  probable  by  the  fact,  that  in 
certain  bays  and  inland  volleys  opening  towards  the  east  coast  of 
Sicily,  and  not  far  from  the  section  given  in  fig.  94.,  the  solid  lime- 
stone is  shaped  out  into  a  great  succession  of  ledges,  separated  from 
each  other  by  small  vertical  cliffs.     These  are  sometimes  so  nume- 


rous,  one  above  the  other,  that  where  there  is  a  bend  at  the  head  of  a 
valley,  they  produce  an  effect  singularly  resembling  the  seats  of  a 
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Roman  amphitheatre.  A  good  example  of  this  configuration  occurs 
near  the  town  of  Melilli,  as  seen  in  the  annexed  view  (fig.  95.).  In 
the  south  of  the  island,  near  Spaccaforno,  Scicli,  and  Modica,  preci- 
pitous rocks  of  white  limestone,  ascending  to  the  height  of  500  feet, 
have  been  carved  out  into  similar  forms. 

This  appearance  of  a  range  of  marble  seats  circling  round  the 
head  of  a  valley,  or  of  great  flights  of  steps  descending  from  the  top 
to  the  bottom,  on  the  opposite  sides  of  a  gorge,  maj  be  accounted  for, 
as  already  hinted,  by  supposing  the  sea  to  have  stood  successively  at 
many  different  levels,  as  at  a  a,  6  6,  c  c,  in  the  accompanying  fig.  96. 
But  the  causes  of  the  gradual  contraction  of  the  valley  from  above 

Fig.  96. 
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downwards  may  still  be  matter  of  speculation.  Such  contraction 
may  be  due  to  the  greater  force  exerted  by  the  waves  when  the  land 
at  its  first  emergence  was  smaller  in  quantity,  and  more  exposed  to 
denudation  in  an  open  sea ;  whereas  the  wear  and  tear  of  the  rocks 
might  diminish  in  proportion  as  this  action  became  confined  within 
bays  or  channels  closed  in  on  two  or  three  sides.  Or,  secondly,  the 
separate  movements  of  elevation  may  have  followed  each  other  more 
rapidly  as  the  land  continued  to  rise,  so  that  the  times  of  those  pauses, 
during  which  the  greatest  denudation  was  accomplished  at  certain 
levels,  were  always  growing  shorter.  It  should  be  remarked,  that 
the  clifi*s  and  small  terraces  are  rarely  found  on  the  opposite  sides  of 
the  Sicilian  valleys  at  heights  so  precisely  answering  to  each  other  as 
those  given  in  fig.  96.,  and  this  might  have  been  expected,  to  which- 
ever of  the  two  hypotheses  above  explained  we  incline ;  for,  accord- 
ing to  the  direction  of  the  prevailing  winds  and  currents,  the  waves 
may  beat  with  unequal  force  on  different  parts  of  the  shore,  so  that 
while  no  impression  is  made  on  one  side  of  a  bay,  the  sea  may  en- 
croach so  far  on  the  other  as  to  unite  several  smaller  cliffs  into  one. 

Before  quitting  the  subject  of  ancient  sea  cliffs,  carved  out  of 
limestone,  I  shall  mention  the  range  of  precipitous  rocks,  composed 
of  a  white  marble  of  the  Oolitic  period,  which  I  have  seen  near  the 
northern  gate  of  St.  Mihiel  in  France.  They  are  situated  on  the 
right  bank  of  the  Meuse,  at  a  distance  of  200  miles  from  the  nearest 
sea,  and  they  present  on  the  precipice  facing  the  river  three  or  four 
horizontal  grooves,  one  above  the  other,  precisely  resembling  those 
which  are  scooped  out  by  the  undermining  waves.  The  summits  of 
several  of  these  masses  are  detached  from  the  adjoining  hill,  in 
which  case  the  grooves  pass  all  round  them,  facing  towards  all  points 
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i  formed  rockj  islets  near  the 


of  the  compass,  as  if  thej  had  c 

Captain  Bayfield,  in  his  survey  of  the  Gulf  of  St.  Lawrence,  dis- 
covered ID  several  places,  especially  in  the  llingan  islands,  a  coun- 
terpart of  the  inland  clifid  of  St.  Mihiel,  and  traced  a  succession  of 
shingle  beaches,  one  shove  the  other,  which  agreed  in  their  level 
with  some  of  the  principal  grooves  scooped  out  of  the  limestone 
pillars.  These  heaches  consisted  of  calcareous  shingle,  with  shells  of 
recent  species,  the  farthest  from  the  shore  being  60  feet  above  the 
level  of  the  highest  tides.  In  addition  to  the  drawings  of  the  pillars 
called  the  flower-pots,  whicli  he  has  published '(',  I  have  been  favoured 
with  other  views  of  rocks  on  the  same  coast,  drawn  by  Lieut.  A. 
Bowen,  R.  N.    {See  fig.  97.) 


In  the  North-American  beaches  above  mentioned  rounded  frag- 
ments of  limestone  have  been  found  perforated  by  Utkodomis  and 
holes  drilled  by  the  same  moUusks  have  been  detected  in  the 
columnar  rocks  or  "  flower-pots,"  showing  that  there  has  been  no 
great  amount  of  atmospheric  decomposition  on  the  surface,  or  the 
cavities  alluded  to  would  have  disappeared. 

Wc  have  an  opportunity  of  seeing  in  the  Bermuda  islands  the 
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manner  in  which  the  waves  of  the  Atlantic  have  worn,  and  are  now 
wearing  out,  deep  smooth  hollows  on  every  side  of  projecting  masses 
of  hard  limestone.  In  the  annexed  drawing,  communicated  to  me 
bj  Lieut.  Nelson,  the  excavations  c,  c,  c,  have  been  scooped  out  by 
the  waves  in  a  stone  of  very  modern  date,  which,  although  extremely 
hard,  is  full  of  recent  corals  and  shells,  some  of  which  retain  their 
colour. 

When  the  forms  of  these  horizontal  grooves,  of  which  the  surface 
is  sometimes  smooth  and  almost  polished,  and  the  roofs  of  which 
often  overhang  to  the  extent  of  5  feet  or  more,  have  been  care- 
fully studied  by  geologists,  they  will  serve  to  testify  the  former 
action  of  the  waves  at  innumerable  points  far  in  the  interior  of  the 
continents.  But  we  must  learn  to  distinguish  the  indentations  due 
to  the  original  action  of  the  sea,  and  those  caused  by  subsequent 
chemical  decomposition  of  calcareous  rocks,  to  which  they  are  liable 
in  the  atmosphere. 

Notwithstanding  the  enduring  nature  of  the  marks  left  by  littoral 
action  on  calcareous  rocks,  we  can  by  no  means  detect  sea-beaches 
and  inland  cliffs  everywhere,  even  in  Sicily  and  the  Morea.  On 
the  contrary,  they  are,  upon  the  whole,  extremely  partial,  and  are 
often  entirely  wanting  in  districts  composed  of  argillaceous  and 
sandy  formations,  which  must,  nevertheless,  have  been  upheaved  at 
the  same  time,  and  by  the  same  intermittent  movements,  as  the 
adjoining  calcareous  rocks. 


CHAPTER  Vn. 

ALLUVIUBi. 

Alluvium  described — Dae  to  complicated  causes — Of  various  ages,  as  shown  in 
Auvergne — How  distinguished  from  rocks  in  situ — River- terraces — Parallel 
roads  of  Glen  Roy — Various  theories  respecting  their  origin. 

Between  the  superficial  covering  of  vegetable  mould  and  the  sub- 
jacent rock  there  usually  intervenes  in  every  district  a  deposit  of 
loose  gravel,  sand,  and  mud,  to  which  the  name  of  alluvium  has 
been  applied.  The  term  is  derived  from  alluvioy  an  inundation,  or 
alluo,  to  wash,  because  the  pebbles  and  sand  commonly  resemble 
those  of  a  river's  bed  or  the  mud  and  gravel  spread  over  low  lands 
by  a  flood. 

A  partial  covering  of  such  alluvium  is  found  alike  in  all  climates, 
from  the  equatorial  to  the  polar  regions  ;  but  in  the  higher  latitudes 
of  Europe  and  North  America  it  assumes  a  distinct  character,  being 
very  frequently  devoid  of  stratification,  and  containing  huge  frag- 
ments of  rock,  some  angular  and  others  rounded,  which  have  been 
transported  to  great  distances  from  their  parent  mountains.     When 
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it  presenta  itself  in  tliia  form,  it  has  been  called  "  diluvium,"  "  drift," 
or  the  "  boulder  furmntion ; "  and  iW  probable  connexion  with  the 
agency  of  floating  ice  and  glaciers  will  be  treated  of  more  particu- 
larlj  iu  the  eleventh  and  twelfth  chapters. 

The  student  will  be  prepared  by  what  I  have  said  in  tbe  last 
chapter  on  denudation,  to  hear  that  loose  gravel  and  sand  are  ollen 
met  witb,  not  only  on  tbe  low  grounds  bordering  rivers,  but  also  at 
various  points  on  the  sides  or  even  summits  of  mountains.  For,  in 
the  course  of  those  changes  in  physical  geography  which  may  take 
place  during  the  gradual  emei^ence  of  the  bottom  of  the  sea  and  its 
conversion  into  dry  land,  any  spot  may  either  have  been  a  sunken 
reef,  or  a  bay,  or  estuary,  or  sea-shore,  or  the  bed  of  a  river.  For 
this  reason  it  would  be  unreasonable  to  hope  that  we  should  ever  be 
able  to  account  for  all  the  alluvial  phenomena  of  each  particular 
country,  seeing  that  the  causes  of  their  origin  are  so  complicated. 
Moreover,  the  last  operations  of  water  have  a  tendency  to  disturb 
and  confound  together  all  pre-existing  alluviums.  Hence  we  are 
always  in  danger  of  regarding  as  the  work  of  a  single  era,  and  the 
effect  of  one  cause,  what  has  in  reality  been  the  result  of  a  variety  of 
distinct  agents,  during  a  long  succession  of  geological  epochs.  Much 
useful  instruction  may  therefore  be  gained  from  the  exploration  of  a 
country  like  Auvergne,  where  the  superficial  gravel  of  very  different 
eras  happens  to  have  been  preserved  by  sheets  of  lava,  which  were 
poured  out  one  after  the  other  at  periods  when  the  denudation,  and 
probably  the  upheaval,  of  rocks  were  in  progress.  That  region  Imd 
already  acquired  in  some  degree  its  present  conGguration  before  any 
volcanos  were  in  activity,  and  before  any  igneous  matter  was  super- 
imposed upon  the  granitic  and  fossiliferous  forouitions.  The  pebbles 
therefore  in  the  older  gravels  ore  exclusively  constituted  of  granite 
and  olher  aboriginal  rocks ;  and  afterwords,  when  volcanic  vents 
burst  forth  into  eruption,  those  earlier  alluviums  were  covered  by 


streams  of  lava,  which  protected  them  from  intermixture  with  gravel 
of  subsequent  date.  In  the  course  of  ages,  a  new  system  of  valleys 
was  excavated,  so  that  the  rivers  ran  at  lower  levels  than  those  at 
which  the  first  alluviums  and  sheets  of  lava  were  formed.  When, 
therefore,  fresh  eruptions  gave  rise  to  new  lova,  the  melted  matter 
was  poured  out  over  lower  grounds;  and  the  gravel  of  these  plains 
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differed  from  the  first  or  upland  alluvium,  bj  containing  in  it 
rounded  fragments  of  various  volcanic  rocks,  and  often  bones 
belonging  to  distinct  groups  of  land  animals  which  flourished  in  the 
country  in  succession. 

The  annexed  drawing  will  explain  the  different  heightB  at  which 
beds  of  lava  and  gravel,  each  distinct  from  the  other  in  compo- 
sition and  age,  are  observed,  some  on  the  flat  tops  of  hills,  700  or 
800  feet  high,  others  on  the  slope  of  the  same  hills,  and  the  newest 
of  all  in  the  channel  of  the  existing  river  where  there  is  usually 
gravel  alone,  but  in  some  cases  a  narrow  stripe  of  solid  lava  sharing 
the  bottom  of  the  valley  with  the  river.  In  all  these  accumulations 
of  transported  matter  of  different  ages  the  bones  of  extinct  quad- 
rupeds have  been  found  belonging  to  assemblages  of  land  mammalia 
which  flourished  in  the  country  in  succession,  and  which  vary  speci- 
fically, the  one  from  the  other,  in  a  greater  or  less  degree,  in  propor- 
tion as  the  time  which  separated  their  entombment  has  been  more  or 
less  protracted.  The  streams  in  the  same  district  are  still  under- 
mining their  banks  and  grinding  down  into  pebbles  or  sand,  columns 
of  basalt  and  fragments  of  granite  and  gneiss  ;  but  the  older  allu- 
viums, with  the  fossil  remains  belonging  to  them,  are  prevented 
from  being  mingled  with  the  gravel  of  recent  date  by  the  cappings 
of  lava  before  mentioned.  But  for  the  accidental  interference,  there- 
fore, of  this  peculiar  cause,  all  the  alluviums  might  have  passed 
so  insensibly  the  one  into  the  other,  that  those  formed  at  the 
remotest  era  might  have  appeared  of  the  same  date  as  the  newest, 
and  the  whole  formation  might  have  been  regarded  by  some  geo- 
logists as  the  result  of  one  sudden  and  violent  catastrophe. 

In  almost  every  country,  the  alluvium  consists  in  its  upper  part  of 
transported  materials,  but  it  often  passes  downwards  into  a  mass  of 
broken  and  angular  fragments  derived  from  the  subjacent  rock.  To 
this  mass  the  provincial  name  of  "  rubble,"  or  "  brash,"  is  given  in 
many  parts  of  England.  It  may  be  referred  to  the  weathering  or 
disintegration  of  stone  on  the  spot,  the  effects  of  air  and  water,  sun 
and  frost,  and  chemical  decomposition. 

The  inferior  surface  of  alluvial  deposits  is  often  very  irregular, 
conforming  to  all  the  inequalities  of  the  fundamental  rocks  (fig.  100.). 

Occasionally,  a  small  mass,  as  at  c, 
appears  detached,  and  as  if  included  in 
the  subjacent  formation.  Such  isolated 
portions  are  usually  sections  of  winding 
subterranean  hollows  filled  up  with  allu- 
vium. They  may  have  been  the  courses 
of  springs  or  subterranean  streamlets, 
which  have  flowed  through  and  enlarged 
natural  rents  ;  or,  when  on  a  small  scale 
and  in  soft  strata,  they  may  be  spaces 
a.  Tegeubie  toil.  b.  alluvium,    which  the  roots  of  large  trees  have  once 

introduced  after  their  decay. 


Fig.  100. 
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But  there  are  other  deep  hollows  of  a  cylindrical  form  found  in 
England,  France,  and  elsewhere,  penetrating  the  white  clialk,  and 
filled  with  sand  and  gravel,  which  are  not  so  readily  esplaineil. 
They  are  Bomelimes  called  "  sand -pi  pes,"  or  "  sand -galls,"  and  "puits 
naturels,"  in  France.     Those  repreeented  in  the  annexed  cut  were 


observed  by  me  in  1839,  laid  open  in  a  large  chalk-pit  near  Norwich. 
They  were  of  very  symmetrical  form,  the  largest  more  than  13  feet 
in  diameter,  and  some  of  them  had  been  traced,  by  boring,  to  the 
depth  of  more  than  60  feet.  The  smaller  ones  Taried  from  a  few 
inches  to  a  foot  in  diameter,  and  seldom  descended  more  than  12  feet 
below  the  surface.  Even  where  three  of  tbem  occurred,  as  at  a, 
fig.  IOIt  verj  close  together,  the  parting  walla  of  soft  white  chalk 
were  not  broken  through.  They  all  taper  downwards  and  end  in  a 
point.  As  a  general  rule,  sand  and  pebbles  occupy  the  central  parts 
of  each  pipe,  white  the  sides  and  bottom  are  lined  with  clay. 

Mr.  Trimmer,  in  speaking  of  appearances  of  the  same  kind  in  the 
Kentish  chalk,  attributes  the  origin  of  such  "  sand-galls "  to  the 
action  of  the  sea  on  a  beach  or  shoal,  where  the  waves,  charged 
with  shingle  and  sand,  not  only  wear  out  longitudinal  furrows,  such 
ns  may  be  observed  on  the  surface  of  the  chalk  near  Norwich  when 
the  incumbent  gravel  is  removed,  but  also  drill  deep  circular  hollows 
by  the  rotatory  motion  imparted  to  sand  and  pebbles.  Such  furrows, 
aa  well  as  vertical  cavities,  are  now  formed,  lie  observes,  on  the  coast 
where  the  shores  are  composed  of  chalk.* 

That  the  commencement  of  many  of  the  tubular  cavities  now 
tinder  consideration  has  been  due  to  the  cause  here  assigned,  I  have 
little  douht.  But  such  meclianical  action  could  not  have  hollowed 
out  the  whole  of  the  sand-pipes  c  anid,  fig.  101.,  because  several  lai^e 
chalk  flints  seen  protruding  from  the  walls  of  the  pipes  have  not  been 
eroded,  while  sand  and  gravel  have  penetrated  many  feet  below  them. 
In  other  cases,  as  at  b  b,  similar  unrounded  nodules  of  flint,  still 
preserving  their  irregular  form  and  white  coating,  are  found  a 
•  Trimmer,  Proceedings  of  GwL  Sot  vol  iv.  p.  7.  18*2. 
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various  depths  in  the  midst  of  the  loose  materials  filling  the  pipe. 
These  have  evidently  been  detached  from  regular  layers  of  flints 
occurring  above.  It  is  also  to  be  remarked  that  the  course  of  the 
same  sand-pipe,  b  b^  is  traceable  above  the  level  of  the  chalk  for  some 
distance  upwards,  through  the  incumbent  gravel  and  sand,  by  the 
obliteration  of  all  signs  of  stratification.  Occasionally,  also,  as  in 
the  pipe  d^  the  overlying  beds  of  gravel  bend  downwards  into  the 
mouth  of  the  pipe,  so  as  to  become  in  part  vertical,  as  would  happen 
if  horizontal  layers  had  sunk  gradually  in  consequence  of  a  failure  of 
support.  All  these  phenomena  may  be  accounted  for  by  attributing 
the  enlargement  and  deepening  of  the  sand-pipes  to  the  chemical 
action  of  water  charged  with  carbonic  acid,  derived  from  the  vegetable 
soil  and  the  decaying  roots  of  trees.  Such  acid  might  corrode  the 
chalk,  and  deepen  indefinitely  any  previously  exieting  hollow,  but 
could  not  dissolve  the  flints.  The  water,  after  it  had  become  saturated 
with  carbonate  of  lime,  might  freely  percolate  the  surrounding  porous 
walls  of  chalk,  and  escape  through  them  and  from  the  bottom  of  the 
tube,  so  as  to  carry  away  in  the  course  of  time  large  masses  of 
dissolved  calcareous  rock  *,  and  leave  behind  it  on  the  edges  of  each 
tubular  hollow  a  coating  of  fine  clay,  which  the  white  chalk  contains. 

I  have  seen  tubes  precisely  similar  and  from  1  to  5  feet  in  diameter 
traversing  vertically  the  upper  half  of  the  soft  calcareous  building 
stone,  or  chalk  without  flints,  constituting  St.  Peter's  Mount,  Maes- 
tricht.  These  hollows  are  filled  with  pebbles  and  clay,  derived  from 
overlying  beds  of  gravel,  and  all  terminate  downwards  like  those  of 
Norfolk.  I  was  informed  that,  6  miles  from  Maestricht,  one  of  these 
*  pipes,  2  feet  in  diameter,  was  traced  downwards  to  a  bed  of 
flattened  flints,  forming  an  almost  continuous  layer  in  the  chalk. 
Here  it  terminated  abruptly,  but  a  few  small  root-like  prolongations 
of  it  were  detected  immediately  below,  probably  where  the  dissolving 
substance  had  penetrated  at  some  points  through  openings  in  the 
siliceous  mass. 

It  is  not  so  easy  as  may  at  first  appear  to  draw  a  clear  line  of 
distinction  between  the  fixed  rocks,  or  regular  strata  (rocks  in  situ 
or  in  place),  and  alluvium.  If  the  bed  of  a  torrent  or  river  be  dried 
up,  we  call  the  gravel,  sand,  and  mud,  left  in  their  channels,  or 
whatever,  during  floods,  they  may  have  scattered  over  the  neigh- 
bouring plains,  alluvium.  The  very  same  materials  carried  into  d 
lake,  where  they  become  sorted  by  water  and  arranged  in  more 
distinct  layers,  especially  if  they  inclose  the  remains  of  plants,  shells, 
or  other  fossils,  are  termed  regular  strata. 

In  like  manner  we  may  sometimes  compare  the  gravel,  sand,  and 
broken  shells,  strewed  along  the  path  of  a  rapid  marine  current,  with 
a  deposit  formed  contemporaneously  by  the  discharge  of  similar 
materials,  year  after  year,  into  a  deeper  and  more  tranquil  part  of 
the  sea.  In  such  cases,  when  we  detect  marine  shells  or  other 
organic  remains  entombed  in  the  strata,  which  enable  us  to  determine 

*  See  Lyell  on  Sand-pipes,  &c^  PhiL  Mag.,  third  series,  toL  xt.  p.  257,  Oct.  1839. 
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their  age  and  mode  of  origin,  we  regard  them  as  part  of  the  regular 
series  of  fossiliferous  formations,  whereas  if  there  are  no  fossils,  we 
have  frequently  no  power  of  separating  them  from  the  general  mass 
of  superficial  alluvium. 

The  usual  rarity  of  organic  remains  in  beds  of  loose  gravel  and 
sand  is  partly  owing  to  the  rapid  and  turbid  water  in  which  they 
were  formed  having  been  in  a  condition  unfavourable  to  the  habi- 
tation of  aquatic  beings,  and  partly  to  their  porous  nature,  which,  by 
allowing  the  free  percolation  of  rain  water,  has  promoted  the  decom- 
position and  removal  of  organic  matter. 

It  has  long  been  a  matter  of  common  observation  that  most  rivers 
are  now  cutting  their  channels  through  alluvial  deposits  of  greater 
depth  and  extent  than  could  ever  have  been  formed  by  the  present 
streams.  From  this  fact  a  rash  inference  has  sometimes  been  drawn 
that  rivers  in  general  have  grown  smaller,  or  become  less  liable  to 
be  flooded  than  formerly.  But  such  phenomena  would  be  a  natural 
result  of  any  considerable  oscillations  in  the  level  of  the  land  expe- 
rienced since  the  existing  valleys  originated. 

Suppose  part  of  a  continent,  comprising  within  it  a  large  hydro- 
graphical  basin  like  that  of  the  Mississippi,  to  subside  several  inches 
or  feet  in  a  century,  as  the  west  coast  of  Greenland,  extending  600 
miles  north  and  south,  has  been  sinking  for  three  or  four  centuries, 
between  the  latitudes  60°  and  69®  N.*  There  might  be  no  en- 
croachment of  the  sea  at  the  river's  mouth  in  consequence  of  this 
change  of  level,  but  the  fall  of  the  waters  flowing  from  the  interior 
being  lessened,  the  main  river  and  its  tributaries  would  have  less 
power  to  carry  down  to  its  delta,  and  to  discharge  into  the  ocean,  the 
sedimentary  matter  with  which  they  are  annually  loaded.  They  would 
all  begin  to  raise  their  channels  and  alluvial  plains  by  depositing  in 
them  the  heavier  sand  and  pebbles  washed  down  from  the  upland 
country,  and  this  operation  would  take  place  most  effectively  if  the 
amount  of  subsidence  in  the  interior  was  unequal,  and  especially  if, 
on  the  whole,  it  exceeded  that  of  the  region  near  the  sea.  If  then 
the  same  area  of  land  be  again  upheaved  to  its  former  height,  the 
fall  and  consequently  the  velocity  of  every  river  would  begin  to 
augment.  Each  of  them  would  be  less  given  to  overflow  its  alluvial 
plain ;  and  their  power  of  carrying  earthy  matter  seaward,  and  of 
scouring  out  and  deepening  their  channels,  would  continue  till,  after 
a  lapse  of  many  thousand  years,  each  of  them  would  have  eroded  a 
new  channel  or  valley  through  a  fluviatile  formation  of  modem  date. 
The  surface  of  what  was  once  the  river-plain  at  the  period  of 
greatest  depression,  would  remain  fringing  the  valley  sides  in  the 
form  of  a  terrace  apparently  flat,  but  in  reality  sloping  down  with 
the  general  inclination  of  the  river.  Everywhere  this  terrace  would 
present  cliffs  of  gravel  and  sand,  facing  the  river.  That  such  a 
series  of  movements  has  actually  taken  place  in  the  main  valley  of 
the  Mississippi  and  in  its  tributary  valleys  during  oscillations  of  level, 

•  Principles  of  Geology,  7th  ed.,  p.  506.,  8th  ed.,  509. 


Ch.  VII.] 


RIT£R   TEBBACEB. 


85 


I  Iiave  eadeavDured  to  show  in  my  description  of  that  country*; 
and  the  freshwater  shells  of  ejcistiag  species  and  bones  of  land 
quadrupeds,  partly  of  extinct  races  preserved  in  the  terraces  of 
fluviatile  origin,  attest  the  exclusion  of  the  sea  during  the  whole 
process  of  filling  up  and  partial  re -excavation. 

In  some  coses,  the  alluvium  in  which  rivers  are  now  cutting  thdr 
channels,  originated  when  the  land  first  rose  out  of  the  sea.  If,  for 
example,  the  emergence  waa  caused  by  a  gradual  and  uniform  motion, 
every  bay  and  estuary,  or  the  straits  between  islands,  would  dry  up 
slowly,  and  during  their  conversion  into  valleys,  every  part  of  the 
upheaved  area  would  in  its  turn  be  a  sea-shore,  and  might  be 
strewed  over  with  littoral  sand  and  pebbles,  or  each  spot  might  be 
the  point  where  a  delta  accumulated  during  the  retreat  and  exclusion 
of  the  sea.  Materials  so  accumulated  would  conform  to  the  general 
slope  of  a  valley  from  its  head  to  the  sea-coast. 

River  terraces. — We  often  observe  at  a  short  distance  from  the 
present  bed  of  a  river  a  steep  cliff  a  few  feet  or  yards  high,  and  on  a 
level  with  the  top  of  it  a  flat  terrace  corresponding  in  appearance  to 
the  alluvial  plain  which  immediately  borders  the  river.  This  terrace 
is  again  bounded  by  another  cliff,  above  which  a  second  terrace 
sometimes  occurs ;  and  in  tbia  manner  two  or  three  ranges  of  cliffs 
and  terraces  are  occasionally  ^en  on  one  or  both  sides  of  the  stream, 
the  number  varying,  but  those  on  the  opposite  sides  often  corre- 
sponding in  height. 


These  terraces  are  seldom  continuous  for  great  distances,  and 
their  surface  slopes  downwards,  with  an  inclination  similnr  to  that  of 
the  river.  They  are  readily  explained  if  we  adopt  the  hypothesis 
before  suggested,  of  a  gradual  rise  of  the  land^  especially  if,  while 
rivers  are  shaping  out  their  beds,  the  upheaving  movement  be  inter- 
mittent, BO  that  long  pauses  shall  occur,  during  which  the  stream 
will  have  time  to  encroach  upon  one  of  its  hanks,  so  as  to  clear  away 
and  flatten  a  large  space.  This  operation  being  afterwards  repeated 
at  lower  levels,  there  will  be  several  successive  cliffs  and  terraces. 


*  Second  Vait  to  the  U.  &,  vol  il  chap.  34. 
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Parallel  roads, — The  parallel  shelves,  or  roads,  as  they  have  been 
called,  of  Lochaber  or  Glen  Roy  and  other  contiguous  valleys  in 
Scotland,  are  distinct  both  in  character  and  origin  from  the  terraces 
above  described ;  for  they  have  no  slope  towards  the  sea  like  the 
channel  of  a  river,  nor  are  they  the  effect  of  denudation.  Glen 
Roy  is  situated  in  the  western  Highlands,  about  ten  miles  north  of 
Fort  William,  near  the  western  end  of  the  great  glen  of  Scotland,  or 
Caledonian  Canal,  and  near  the  foot  of  the  highest  of  the  Grampians, 
Ben  Nevis.  Throughout  its  whole  length,  a  distance  of  more  than 
ten  miles,  two,  and  in  its  lower  part  three,  parallel  roads  or  shelves 
are  traced  along  the  steep  sides  of  the  mountains,  as  represented  in 
the  annexed  figure,  fig.  102.,  each  maintaining  a  perfect  horizontality, 
and  continuing  at  exactly  the  same  level  on  the  opposite  sides  of  the 
glen.  Seen  at  a  distance,  they  appear  like  ledges  or  roads,  cut  arti- 
ficially out  of  the  sides  of  the  hills  ;  but  when  we  are  upon  them  we 
can  scarcely  recognize  their  existence,  so  uneven  is  their  surface, 
and  so  covered  with  boulders.  They  are  from  10  to  60  feet  broad, 
and  merely  differ  from  the  side  of  the  mountain  by  being  somewhat 
less  steep. 

On  closer  inspection,  we  find  that  these  terraces  are  stratified  in 
the  ordinary  manner  of  alluvial  or  littoral  deposits,  as  may  be  seen  at 
those  points  where  ravines  have  been  excavated  by  torrents.  The 
parallel  shelves,  therefore,  have  not  been  caused  by  denudation,  but 
by  the  deposition  of  detritus,  precisely  similar  to  that  which  is  dis- 
persed in  smaller  quantities  over  the  declivities  of  the  hills  above. 
These  hills  consist  of  clay-slate,  mica-schist,  and  granite,  which  rocks 
have  been  worn  away  and  laid  bare  at  a  few  points  only,  in  a  line 
just  above  the  parallel  roads.  The  highest  of  these  roads  is  about 
1250  feet  above  the  level  of  the  sea,  the  next  about  200  feet  lower 
than  the  uppermost,  and  the  third  still  lower  by  about  60  feet.  It  is 
only  this  last,  or  the  lowest  of  the  three,  which  is  continued  through- 
out Glen  Spean,  a  large  valley  with  which  Glen  Roy  unites.  As 
the  shelves  are  always  at  the  same  height  above  the  sea,  they  become 
contin\ially  more  elevated  above  the  river  in  proportion  as  we  descend 
each  valley ;  and  they  at  length  terminate  very  abruptly,  without 
any  obvious  cause,  either  in  the  shape  of  the  ground,  or  any  change 
in  the  composition  or  hardness  of  the  rocks.  I  should  exceed  the 
limits  of  this  work,  were  I  to  attempt  to  give  a  full  description  of  all 
the  geographical  circumstances  attending  these  singular  terraces,  or  to 
discuss  the  ingenious  theories  which  have  been  severally  proposed  to 
account  for  them  by  Dr.  MaccuUoch,  Sir  T.  D.  Lauder,  and  Messrs. 
Darwin,  Agassiz,  Milne,  and  Chambers.  There  is  one  point,  how- 
ever, on  which  all  are  agreed,  namely,  that  these  shelves  are  ancient 
beaches,  or  littoral  formations  accumulated  round  the  edges  of  one  or 
more  sheets  of  water  which  once  stood  at  the  level,  first  of  the 
highest  shelf,  and  successively  at  the  height  of  the  two  others.  It  is 
well  known,  that  wherever  a  lake  or  marine  fiord  exists  surrounded 
by  steep  mountains  subject  to  disintegration  by  frost  or  the  action  of 
torrents,   some  loose  matter  is  washed  down  annually,  especially 
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during  the  melting  of  snow,  and  a  check  is  given  to  the  descent  of 
P,^  jQ3^  this  detritus  at  the  point  where  it  reaches 

the  waters  of  the  lake.  The  waves  then 
^  spread  out  the  matenals  along  the  shore, 
and  throw  some  of  them  upon  the  beach  ; 
their  dispersing  power  being  aided  by  the 
ice,  which  often  adheres  to  pebbles  during 
the  winter  months,  and  gives  buoyancy  to 
them.  The  annexed  diagram  illustrates 
the  manner  in  which  Dr.  Macculloch  and 
Mr.  Darwin  suppose  "  the  roads  "  to  con- 
's stitute  mere  indentations  in  a  superficial 
A  B.  Supposed  original  lurbce  of  alluvial  coating  which  rcsts  upon  the  hill- 
c  D.  Road's  or  shelves  In  the  outer  sidc,  and  consists  chicfiy  of  clay  and  sharp 

.llu.i.1  covering  of  the  hill.         unfunded  StOUCS. 

Among  other  proofs  that  the  parallel  roads  have  really  been 
formed  along  the  margin  of  a  sheet  of  water,  it  may  be  mentioned, 
that  wherever  an  isolated  hill  rises  in  the  middle  of  the  glen  above 
the  level  of  any  particular  shelf,  a  corresponding  shelf  is  seen  at  the 
same  level  passing  round  the  hill,  as  would  have  happened  if  it  had 
once  formed  an  island  in  a  lake  or  fiord.  Another  very  remarkable 
peculiarity  in  these  terraces  is  this;  each  of  them  comes  in  some 
portion  of  its  course  to  a  co/,  or  passage  between  the  heads  of  glens, 
the  explanation  of  which  will  be  considered  in  the  sequel. 

Those  writers  who  first  advocated  the  doctrine  that  the  roads  were 
the  ancient  beaches  of  freshwater  lakes,  were  unable  to  offer  any 
probable  hypothesis  respecting  the  formation  and  subsequent  removal 
of  barriers  of  sufficient  height  and  solidity  to  dam  up  the  water.  To 
introduce  any  violent  convulsion  for  their  removal  was  inconsistent 
with  the  uninterrupted  horizontality  of  the  roads,  and  with  the 
undisturbed  aspect  of  those  parts  of  the  glens  where  the  shelves 
come  suddenly  to  an  end.  Mr.  Agassiz  and  Dr.  Buckland,  desirous, 
like  the  defenders  of  the  lake  theory,  to  account  for  the  limitation  of 
the  shelves  to  certain  glens,  and  their  absence  in  contiguous  glens, 
where  the  rocks  are  of  the  same  composition,  and  the  slope  and 
inclination  of  the  ground  very  similar,  started  the  conjecture  that 
these  valleys  were  once  blocked  up  by  enormous  glaciers  descending 
from  Ben  Nevis,  giving  rise  to  what  are  called  in  Switzerland  and  in 
the  Tyrol,  glacier-lakes.  After  a  time  the  icy  barrier  was  broken 
down,  or  melted,  first,  to  the  level  of  the  second,  and  afterwards  to 
that  of  the  third  road  or  shelf. 

In  corroboration  of  this  view,  they  contended  that  the  alluvium  of 
Glen  Roy,  as  well  as  of  other  parts  of  Scotland,  agrees  in  character 
with  the  moraines  of  glaciers  seen  in  the  Alpine  valleys  of  Switzer- 
land. Allusion  will  be  made  in  the  eleventh  chapter  to  the  former 
existence  of  glaciers  in  the  Grampians  :  in  the  mean  time  it  will 
readily  be  conceded  that  this  hypothesis  is  preferable  to  any  pre- 
vious lacustrine  theory,  by  accounting  more  easily  for  the  temporary 

existence  and  entire  disappearance  of  lofty  transverse  barriers,  al- 
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though  the  height  required  for  the  imaginarj  dams  of  ice  may  be 
startling. 

Before  the  idea  last  alluded  to  had  been  entertained,  Mr.  Darwin 
examined  Glen  Roj,  and  came  to  the  <^inion  that  the  shelves  were 
formed  when  the  glens  were  still  arms  of  the  sea,  and,  consequently, 
that  there  never  were  anj  barriers.  According  to  him,  the  land 
emerged  during  a  slow  and  uniform  upward  movement,  like  that  now 
experienced  throughout  a  large  part  of  Sweden  and  Finland ;  but 
there  were  certain  pauses  in  the  upheaving  process,  at  which  times 
the  waters  of  the  sea  remained  stationary  for  so  many  centuries  as  to 
allow  of  the  accumulation  of  an  extraordinary  quantity  of  detrital 
matter,  and  the  excavation,  at  points  immediately  above,  of  many 
deep  notches  and  bare  cliffs  in  the  hard  and  solid  rock. 

The  phenomena  which  are  most  difficult  to  reconcile  with  this 
theory  are,  first,  the  abrupt  cessation  of  the  roads  at  certain  points 
in  the  different  glens ;  secondly,  their  unequal  number  in  different 
valleys  connecting  with  each  other,  there  being  three,  for  example, 
in  Glen  Roy  and  only  one  in  Glen  Spean ;  thirdly,  the  precise  hori- 
zontality  of  level  maintained  by  the  same  shelf  over  a  space  many 
leagues  in  length  requiring  us  to  assume,  that  during  a  rise  of  1250 
feet  no  one  portion  of  the  land  was  raised  even  a  few  yards  above 
another ;  fourthly,  the  coincidence  of  level  already  alluded  to  of  each 
shelf  with  a  col,  or  the  point  forming  the  head  of  two  glens,  from 
which  the  rain-waters  flow  in  opposite  directions.  This  last-men- 
tioned feature  in  the  physical  geography  of  Lochaber  seems  to  have 
been  explained  in  a  satisfactory  manner  by  Mr.  Darwin.  He  calls 
these  coU  ^  landstraits,"  and  regards  them  as  having  been  anciently 
sounds  or  channeb  between  islands.  He  points  out  that  there  is  a 
tendency  in  such  sounds  to  be  silted  up,  and  always  the  more  so  in 
proportion  to  their  narrowness.  In  a  chart  of  the  Falkland  Islands 
by  Capt.  Sullivan,  R.  N.,  it  appears  that  there  are  several  examples 
there  of  straits  where  the  soundings  diminish  regularly  towards  the 
narrowest  part.  One  is  so  nearly  dry  that  it  can  be  walked  over  at 
low  water,  and  another,  no  longer  covered  by  the  sea,  is  supposed  to 
have  recently  dried  up  in  consequence  of  a  small  shift  in  the  relative 
level  of  sea  and  land.  "  Similar  straits,"  observes  Mr.  Chambers, 
"  hovering,  in  character,  between  sea  and  land,  and  which  may  be 
called  fords,  are  met  with  in  the  Hebrides.  Such,  for  example,  is  the 
passage  dividing  the  islands  of  Lewis  and  Harris,  and  that  between 
North  Uist  and  Benbecula,  both  of  which  would  undoubtedly  appear 
as  coUf  coinciding  with  a  terrace  or  raised  beach,  all  round  the  islands 
if  the  sea  were  to  subside.**  * 

The  precise  horizontality  of  level  maintained  by  the  roads  or 
shelves  of  Lochaber  over  an  area  many  leagues  iu  length  and  breadth, 
is  a  difficulty  common  in  some  degree  to  all  the  rival  hypotheses, 
whether  of  lakes,  or  glaciers,  or  of  the  simple  upheaval  of  the  land 
above  the  sea.  For  we  cannot  suppose  the  roads  to  be  more  ancient 
than   the  glacial   period,  or  the   era  of  the  boulder  formation  of 

*  **  Ancient  Sea  Maigias,"  p.  1 14.,  by  B.  Chambers. 
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Scotland,  of  which  I  shall  speak  in  the  eleventh  and  twelfth  chapters. 
Strata  of  that  era  of  marine  origin  containing  northern  shells  of 
existing  species  have  been  found  at  various  heights  in  Scotland,  some 
on  the  east,  and  others  on  the  west  coast,  from  20  to  4-00  feet  high  ; 
and  in  one  region  in  Lanarkshire  not  less  than  524  feet  above  high- 
water  mark.  It  seems,  therefore,  in  the  highest  degree  improbable 
that  Glen  Roy  should  have  escaped  entirely  the  upward  movement 
experienced  in  so  mtiny  surrounding  regions,  a  movement  implied  by 
the  position  of  these  marine  deposits,  in  which  the  shells  are  almost 
all  of  known  recent  species.  But  if  the  motion  has  really  extended 
to  Glen  Roy  and  the  contiguous  glens,  it  must  have  uplifted  them 
bodily,  without  in  the  slightest  degree  affecting  their  horizontality ; 
and  this  being  admitted,  the  principal  objection  to  the  theory  of 
marine  beaches,  founded  on  the  uniformity  of  upheaval,  is  removed, 
or  is  at  least  common  to  every  theory  hitherto  proposed. 

To  assume  that  the  ocean  has  gone  down  from  the  level  of  the 
uppermost  shelf,  or  1250  feet,  simultaneously  all  over  the  globe, 
while  the  land  remained  unmoved,  is  a  view  which  will  find  favour 
with  very  few  geologists,  for  the  reasons  explained  in  the  fifth  chapter. 

The  student  will  perceive,  from  the  above  sketch  of  the  contro- 
versy respecting  the  formation  of  these  curious  shelves,  that  this 
problem,  like  many  others  in  geology,  is  as  yet  only  solved  in  part ; 
and  that  a  larger  number  of  facts  must  be  collected  and  reasoned 
upon  before  the  question  can  be  finally  settled. 


CHAPTER  VIII. 

CHRONOLOGICAL   CLASSIFICATION   OF   ROCKS. 

Aqueous,  plutonic,  volcanic,  and  metaraorphic  rocks,  considered  chronologically— 
Lehman's  division  into  primitive  and  secondary — Werner's  addition  of  a  tran- 
sition class  —  Neptunian  theory — Button  on  igneous  origin  of  granite  — How 
the  name  of  primary  was  still  retained  for  granite — The  term  "  transition,"  why 
faulty — The  adherence  to  the  old  chronological  nomenclature  retarded  the 
progress  of  geology  —  New  hypothesis  invented  to  reconcile  the  igneous  origin 
of  granite  to  the  notion  of  its  high  antiquity — Explanation  of  the  chronological 
nomenclature  adopted  in  this  work,  so  far  as  regards  primary,  secondary,  and 
tertiary  periods. 

In  the  first  chapter  it  was  stated  that  the  four  great  classes  of  rocks, 
the  aqueous,  the  volcanic,  the  plutonic,  and  the  metamorphic,  would 
each  be  considered  not  only  iu  reference  to  their  mineral  characters, 
and  mode  of  origin,  but  also  to  their  relative  age.  In  regard  to  the 
aqueous  rocks,  we  have  already  seen  that  they  are  stratified,  that 
some  are  calcareous,  others  argillaceous,  some  made  up  of  sand,  others 
of  pebbles ;  that  some  contain  freshwater,  others  marine  fossils,  and 
so  forth ;  but  the  student  has  still  to  learn  which  rocks,  exhibiting 
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some  or  all  of  these  characters,  have  originated  at  one  period  of  the 
earth's  history,  and  which  at  another. 

To  determine  this  point  in  reference  to  the  fossiliferous  formations 
is  more  easj  than  in  any  other  class,  and  it  is  therefore  the  most  con- 
venient and  natural  method  to  begin  by  establishing  a  chronology  for 
these  fossiliferous  strata,  and  then  to  endeavour  to  refer  to  the  same 
divisions,  the  several  groups  of  pi u tonic,  volcanic^  and  metamorphic 
rocks.  This  system  of  classification  is  not  only  recommended  by  its 
greater  clearness  and  facility  of  application,  but  is  also  best  fitted  to 
strike  the  imagination  by  bringing  into  one  view  the  past  changes  of 
the  inorganic  world,  and  the  contemporaneous  revolutions  of  the 
organic  creation.  For  the  sedimentary  formations  of  successive 
periods  are  most  readily  distinguished  by  the  different  species  of 
fossil  animals  and  plants  which  they  inclose,  and  of  which  one  race 
after  another  has  flourished  and  then  disappeared  from  the  earth. 

But  before  entering  specially  on  the  subdivisions  of  the  aqueous 
rocks  arranged  according  to  the  order  of  time,  it  will  be  desirable  to 
say  a  few  words  on  the  chronology  of  rocks  in  general,  although  in 
doing  so  we  shall  be  unavoidably  led  to  allude  to  some  classes  of  phe- 
nomena which  the  beginner  must  not  yet  expect  fully  to  comprehend. 

It  was  for  many  years  a  received  opinion,  that  the  formation  of 
entire  families  of  rocks,  such  as  the  plutonic  and  those  crystalline 
schists  spoken  of  in  the  first  chapter  as  metamorphic,  began  and 
ended  before  any  members  of  the  aqueous  and  volcanic  orders  were 
produced ;  and  although  this  idea  has  long  been  modified,  and  is 
nearly  exploded,  it  will  be  necessary  to  give  some  account  of  the 
ancient  doctrine,  in  order  that  beginners  may  understand  whence 
many  prevailing  opinions,  and  some  part  of  the  nomenclature  of 
geology,  still  partially  in  use,  was  derived. 

About  the  middle  of  the  last  century,  Lehman,  a  German  miner, 
proposed  to  divide  rocks  into  three  classes,  the  first  and  oldest  to  be 
called  primitive,  comprising  the  hypogene,  or  plutonic  and  metamor- 
phic rocks ;  the  next  to  be  termed  secondary,  comprehending  the 
aqueous  or  fossiliferous  strata;  and  the  remainder,  or  third  class, 
corresponding  to  our  alluvium,  ancient  and  modern,  which  he  referred 
to  **  local  floods,  and  the  deluge  of  Noah."  In  the  primitive  class,  he 
said,  such  as  granite  and  gneiss,  there  are  no  organic  remains,  nor 
any  signs  of  materials  derived  from  the  ruins  of  pre-existing  rocks. 
Their  origin,  tfierefore,  may  have  been  purely  chemical,  antecedent 
to  the  creation  of  living  beings,  and  probably  coeval  with  the  birth  of 
the  world  itself.  The  secondary  formations,  on  the  contrary,  which 
often  contain  sand,  pebbles,  and  organic  remains,  must  have  been 
mechanical  deposits,  produced  after  the  planet  had  become  the  habi- 
tation of  animals  and  plants.  This  bold  generalization,  although  an- 
ticipated in  some  measure  by  Steno,  a  century  before,  in  Italy, 
formed  at  the  time  an  important  step  in  the  progress  of  geology,  and 
sketched  out  correctly  some  of  the  leading  divisions  into  which  rocks 
may  be  separated.  About  half  a  century  later,  Werner,  so  justly 
celebrated  for  his  improved  methods  of  discriminating  the  mineralo- 


Ch.  VIIL]  NEPTUNIAN   THEORY.  91 

gical  characters  of  rocks,  attempted  to  improve  Lehman's  classification, 
and  with  this  view  intercalated  a  class,  called  by  him  *'  the  transition 
formations,**  between  the  primitive  and  secondary.  Between  these 
last  he  had  discovered,  in  northern  Germany,  a  series  of  strata^ 
which  in  their  mineral  peculiarities  were  of  an  intermediate  character, 
partaking  in  some  degree  of  the  crystalline  nature  of  micaceous  schist 
and  clay -slate,  and  yet  exhibiting  here  and  there  signs  of  a  mechanical 
origin  and  organic  remains.  For  this  group,  therefore^  forming  a 
passage  between  Lehman's  primitive  and  secondary  rocks,  the  name 
of  iibergang  or  transition  was  proposed.  They  consisted  principally 
of  clay,  slate  and  an  argillaceous  sandstone,  called  grauwacke,  and 
partly  of  calcareous  beds.  It  happened  in  the  district  which  Werner 
first  investigated,  that  both  the  primitive  and  transition  strata  were 
highly  inclined,  while  the  beds  of  the  newer  fossiliferous  rocks,  the 
secondary  of  Lehman,  were  horizontal.  To  these  latter,  therefore, 
he  gave  the  name  of  flotZy  or  flat ;  and  every  deposit  more  modem 
than  the  chalk,  which  was  classed  as  the  uppermost  of  the  flotz  series, 
was  designated  "  the  overflowed  land,"  an  expression  which  may  be 
regarded  as  equivalent  to  alluvium,  although  under  this  appellation 
were  confounded  all  the  strata  afterwards  called  tertiary,  of  which 
Werner  had  scarcely  any  knowledge.  As  the  followers  of  Werner 
soon  discovered  that  the  inclined  position  of  the  '*  transition  beds," 
and  the  horizontality  of  the  flotz,  or  newer  fossiliferous  strata,  were 
mere  local  accidents,  they  soon  abandoned  the  term  flotz ;  and  the 
four  divisions  of  the  Wemerian  school  were  then  named  primitive, 
transition,  secondary,  and  alluvial. 

As  to  the  trappean  rocks,  although  their  igneous  origin  had  been 
already  demonstrated  by  Arduino,  Fortis,  Faujas,  and  others,  and 
especially  by  Desmarest,  they  were  all  regarded  by  Werner  as  aqueous, 
and  as  mere  subordinate  members  of  the  secondary  series.* 

This  theory  of  Werner's  was  called  the  "  Neptunian,"  and  for  many 
years  enjoyed  much  popularity.  It  assumed  that  the  globe  had  been 
at  first  invested  by  an  universal  chaotic  ocean,  holding  the  materials 
of  all  rocks  in  solution.  From  the  waters  of  this  ocean,  granite, 
gneiss,  and  other  crystalline  formations,  were  first  precipitated ;  and 
afterwards,  when  the  waters  were  purged  of  these  ingredients,  and 
more  nearly  resembled  those  of  our  actual  seas,  the  transition  strata 
were  deposited.  These  were  of  a  mixed  character,  not  purely  che- 
mical, because  the  waves  and  currents  had  already  begun  to  wear 
down  solid  land,  and  to  give  rise  to  pebbles,  sand,  and  mud  ;  nor  en- 
tirely without  fossils,  because  a  few  of  the  first  marine  animals  had 
begun  to  exist.  After  this  period,  the  secondary  formations  were 
accumulated  in  waters  resembling  those  of  the  present  ocean,  Except 
at  certain  intervals,  when,  from  causes  wholly  unexplained,  a  partial 
recurrence  of  the  "  chaotic  fluid  *'  took  place,  during  which  various 
trap  rocks,  some  highly  crystalline,  were  formed.  This  arbitrary 
hypothesis  rejected  all  intervention  of  igneous  agency,  volcanos  being 

♦  See  Principles,  vol.  I  chap.  iv. 
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regarded  as  modern^  partial,  and  superficial  accidents,  of  trifling 
account  among  the  great  causes  which  have  modified  the  external 
structure  of  the  globe. 

Meanwhile  Hutton,  a  contemporary  of  Werner,  began  to  teach,  in 
Scotland,  that  granite  as  well  as  trap  was  of  igneous  origin,  and  had 
at'  various  periods  intruded  itself  in  a  fluid  state  into  different  pculs 
of  the  earth's  crust.  He  recognized  and  faithfully  described  many 
of  the  phenomena  of  granitic  veins,  and  the  alterations  produced  by 
them  on  the  invaded  strata,  which  will  be  treated  of  in  the  32d  chapter. 
He,  moreover,  advanced  the  opinion,  that  the  crystalline  strata  called 
primitive  had  not  been  precipitated  from  a  primaeval  ocean,  but  were 
sedimentary  strata  altered  by  heat.  In  his  writings,  therefore,  and 
in  those  of  his  illustrator,  Playfair,  we  find  the  germ  of  that  meta- 
morphic  theory  which  has  been  already  hinted  at  in  the  first  chapter, 
and  which  will  be  more  fully  expounded  in  the  thirty- fourth  and 
thirty-fifth  chapters. 

At  length,  after  much  controversy,  the  doctrine  of  the  igneous 
origin  of  trap  and  granite  made  its  way  into  general  favour ;  but 
although  it  was,  in  consequence,  admitted  that  both  granite  and  trap 
had  been  produced  at  many  successive  periods,  the  term  primitive  or 
primary  still  continued  to  be  applied  to  the  crystalline  formations  in 
general,  whether  stratified,  like  gneiss,  or  unstratified,  like  granite. 
The  pupil  was  told  that  granite  was  a  primary  rock,  but  that  some 
granites  were  newer  than  certain  secondary  formations ;  and  in  con- 
formity  with  the  spirit  of  the  ancient  language,  to  which  the  teacher 
was  still  determined  to  adhere,  a  desire  was  naturally  engendered  of 
extenuating  the  importance  of  those  more  modern  granites  the  true 
dates  of  which  new  observations  were  continually  bringing  to  light. 

A  no  less  decided  inclination  was  shown  to  persist  in  the  use  of 
the  term  "transition,"  after  it  had  been  proved  to  be  almost  as 
faulty  in  its  original  application  as  that  of  flotz.  The  name  of 
transition,  as  already  stated,  was  first  given  by  Werner,  to  designate 
a  mineral  character,  intermediate  between  the  highly  crystalline  or 
metamorphic  state  and  that  of  an  ordinary  fossiliferous  rock.  But 
the  term  acquired  also  from  the  first  a  chronological  import,  because 
it  had  been  appropriated  to  sedimentary  formations,  which,  in  the 
Hartz  and  other  parts  of  Grermany,  were  more  ancient  tlian  the 
oldest  of  the  secondary  series,  and  were  characterized  by  peculiar 
fossil  zoophytes  and  shells.  When,  therefore,  geologists  found  in 
other  districts  stratified  rocks  occupying  the  same  position,  and 
inclosing  similar  fossils,  they  gave  to  them  also  the  name  of  tran- 
sition, according  to  rules  which  will  be  explained  in  the  next 
chapter ;  yet,  in  many  cases,  such  rocks  were  found  not  to  exhibit 
the  same  mineral  texture  which  Werner  had  called  transition.  On 
the  contrary,  many  of  them  were  not  more  crystalline  than  different 
members  of  the  secondary  class ;  while,  on  the  other  hand,  these 
last  were  sometimes  found  to  assume  a  semi-crystalline  and  almost 
metamorphic  aspect,  and  thus,  on  lithological  grounds,  to  deserve 
equally  the  name  of  transition.     So  remarkably  was  this  the  case  in 
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the  Swiss  Alps,  that  certain  rocks,  which  had  for  years  been 
regarded  by  some  of  the  most  skilful  disciples  of  Werner  to  be  tran- 
sition, were  at  last  acknowledged,  when  their  relative  position  and 
fossils  were  better  understood,  to  belong  to  the  newest  of  the 
secondary  groups ;  nay,  some  of  them  have  actually  been  discovered 
to  be  members  of  the  lower  tertiary  series  I  If,  under  such  circum- 
stances, the  name  of  transition  was  retained,  it  is  clear  that  it  ought 
to  have  been  applied  without  reference  to  the  age  of  strata,  and 
simply  as  expressive  of  a  mineral  peculiarity.  The  continued  ap- 
propriation of  the  term  to  formations  of  a  given  date,  induced  geolo- 
gists to  go  on  believing  that  the  ancient  strata  so  designated  bore  a 
less  resemblance  to  the  secondary  than  is  really  the  case,  and  to 
imagine  that  these  last  never  pass,  as  they  frequently  do,  into  meta- 
morphic  rocks. 

The  poet  Waller,  when  lamenting  over  the  antiquated  style  of 
Chaucer,  complains  that  — 

We  write  in  sand,  onr  language  grows, 
And,  like  the  tide,  our  work  o'crflows. 

But  the  reverse  is  true  in  geology ;  for  here  it  is  our  work  which 
continually  outgrows  the  language.  The  tide  of  observation  ad- 
vances with  such  speed  that  improvements  in  theory  outrun  the 
changes  of  nomenclature  ;  and  the  attempt  to  inculcate  new  truths 
by  words  invented  to  express  a  different  or  opposite  opinion,  tends 
constantly,  by  the  force  of  association,  to  perpetuate  error ;  so  that 
dogmas  renounced  by  the  reason  still  retain  a  strong  hold  upon  the 
imagination. 

In  order  to  reconcile  the  old  chronological  views  with  the  new 
doctrine  of  the  igneous  origin  of  granite,  the  following  hypothesis 
was  substituted  for  that  of  the  Neptunists.  Instead  of  beginning 
with  an  aqueous  menstruum  or  chaotic  fluid,  the  materials  of  the 
present  crust  of  the  earth  were  supposed  to  have  been  at  first  in  a 
state  of  igneous  fusion,  until  part  of  the  heat  having  been  diffused 
into  surrounding  space,  the  surface  of  the  fluid  consolidated,  and 
formed  a  crust  of  granite.  This  covering  of  crystalline  stone,  which 
afterwards  grew  thicker  and  thicker  as  it  cooled,  was  so  hot,  at  first, 
that  no  water  could  exist  upon  it;  but  as  the  refrigeration  pro- 
ceeded, the  aqueous  vapour  in  the  atmosphere  was  condensed,  and, 
falling  in  rain,  gave  rise  to  the  first  thermal  ocean.  So  high  was  the 
temperature  of  this  boiling  sea,  that  no  aquatic  beings  could  inhabit 
its  waters,  and  its  deposits  were  not  only  devoid  of  fossils,  but,  like 
those  of  some  hot  springs,  were  highly  crystalline.  Hence  the 
origin  of  the  primary  or  crystalline  strata,  — gneiss,  mica-schist,  and 
the  rest. 

Afterwards,  when  the  granitic  crust  had  been  partially  broken  up, 
land  and  mountains  began  to  rise  above  the  waters,  and  rains  and 
torrents  ground  down  rock,  so  that  sediment  was  spread  over  the 
bottom  of  the  seas.  Yet  the  heat  still  remaining  in  the  solid 
supporting  substances  was  sufficient  to  increase  the  chemical  action 
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exerted  by  the  water,  although  not  so  inteiise  as  to  prerent  the  intro- 
duction and  increase  of  some  liring  beings.  Doiii^  this  state  of 
things  some  of  the  residoarj  mineral  ingredients  of  the  primjeral 
ocean  were  precipitated,  and  formed  deposits  (the  transitioD  strata 
of  Werner),  half  chemical  and  half  mechanical,  and  containing  a  few 
fossils. 

By  this  new  theorj,  which  was  in  part  a  reriral  of  the  doctrine  of 
Leibnitz,  published  in  1680,  on  the  igneoos  origin  of  the  planet,  the 
old  ideas  respecting  the  prioritj  of  all  crrstalline  rocks  to  the  creation 
of  organic  beings,  were  still  preserred ;  and  the  mistaken  notion  that 
all  the  semi-crystalline  and  partiallj  fossiliferoos  rocks  belonged  to 
one  period,  while  all  the  earthy  and  nncrystalline  formations  origin- 
ated at  a  subsequent  epoch,  was  also  perpetuated. 

It  may  or  may  not  be  true,  as  the  great  Leibnitz  imagined,  that 
the  whole  planet  was  once  in  a  state  of  liquefaction  by  heat ;  bat 
there  are  certainly  no  geological  proofs  that  the  granite  which  con- 
stitutes the  foundation  of  so  much  of  the  earth*s  cmst  was  ever  at  once 
in  a  state  of  universal  fusion.     On  the  contrary,  all  our  evidence 
tends  to  show  that  the  formation  of  granite,  like  the  deposition  of 
the  stratified  rocks,  has  been  successive,  and  that  different  portions  of 
granite  have  been  in  a  melted  state  at  distinct  and  oflen  distant  pe- 
riods.    One  mass  was  solid,  and  had  been  fractured,  before  another 
body  of  granitic  matter  was  injected  into  it,  or  through  it,  in  the  form 
of  veins.    Some  granites  are  more  ancient  than  any  known  fossiliferons 
rocks ;   others  are  of  secondary ;  and  some,  such  as  that  of  Mont 
Blanc  and  part  of  the  central  axis  of  the  Alps,  of  tertiaxy  origin^    In 
short,  the  universal  fluidity  of  the  crystalline  foundations  of  the 
earth's  crust,  can  only  be  understood  in  the  same  sense  as  the  uni- 
versality of  the  ancient  ocean.     All  the  land  has  been  under  water, 
but  not  all  at  one  time  ;  so  all  the  subterranean  unstratified  rocks  to 
which  man  can  obtain  access  have  been  melted,  but  not  simultane- 
ously. 

In  the  present  work  the  four  great  classes  of  rocks,  the  aqueous, 
plutonic,  volcanic,  and  metamorphic,  will  form  four  parallel,  or 
nearly  parallel,  columns  in  one  chronological  table.  They  will  be 
considered  as  four  sets  of  monuments  relating  to  four  contempo- 
raneous, or  nearly  contemporaneous,  series  of  events.  I  shall  en- 
deavour, in  a  subsequent  chapter  on  the  plutonic  rocks,  to  explain 
the  manner  in  which  certain  masses  belonging  to  each  of  the  four 
classes  of  rocks  may  have  originated  simultaneously  at  every  geolo- 
gical period,  and  how  the  earth's  crust  may  have  been  continually 
remodelled,  above  and  below,  by  aqueous  and  igneous  causes,  from 
times  indefinitely  remote.  In  the  same  manner  as  aqueous  and 
fossiliferous  strata  are  now  formed  in  certain  seas  or  lakes,  while  in 
other  |)laci!S  volcanic  rocks  break  out  at  the  surface,  and  are  con- 
nected with  rcHcrvoirs  of  melted  matter  at  vast  depths  in  the  bowels 
of  the  earth, — so,  at  every  era  of  the  past,  fossiliferous  deposits  and 
superficial  igneous  rocks  were  in  progress  contemporaneously  with 
others  of  subterranean  and  plutonic  origin,  and  some  sedimentary 
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strata  were  exposed  to  heat  and  made  to  assume  a  crystalline  or 
metamorphic  structure. 

It  can  by  no  means  be  taken  for  granted,  that  during  all  these 
changes  the  solid  crust  of  the  earth  has  been  increasing  in  thickness. 
It  has  been  shown,  that  so  far  as  aqueous  action  is  concerned,  the 
gain  by  fresh  deposits,  and  the  loss  by  denudation,  must  at  each 
period  have  been  equal  (see  above,  p.  68.) ;  and  in  like  manner,  in 
the  inferior  portion  of  the  earth's  crust,  the  acquisition  of  new  crys- 
talline rocks,  at  each  successive  era,  may  merely  have  counter- 
balanced the  loss  sustained  by  the  melting  of  materials  previously 
consolidated.  As  to  the  relative  antiquity  of  the  crystalline  founda- 
tions of  the  earth's  crust,  when  compared  to  the  fossiliferous  and 
volcanic  rocks  which  they  support,  I  have  already  stated,  in  the  first 
chapter,  that  to  pronounce  an  opinion  on  this  matter  is  as  difficult  as 
at  once  to  decide  which  of  the  two,  whether  the  foundations  or  super- 
structure of  an  ancient  city  built  on  wooden  piles,  may  be  the  oldest. 
We  have  seen  that,  to  answer  this  question,  we  must  first  be  prepared 
to  say  whether  the  work  of  decay  and  restoration  had  gone  on  most 
rapidly  above  or  below,  whether  the  average  duration  of  the  piles  has 
exceeded  that  of  the  stone  buildings,  or  the  contrary.  So  also  in 
regard  to  the  relative  age  of  the  superior  and  inferior  portions  of  the 
earth's  crust;  we  cannot  hazard  even  a  conjecture  on  this  point, 
until  we  know  whether,  upon  an  average,  the  power  of  water  above, 
or  that  of  heat  below,  is  most  efficacious  in  giving  new  forms  to  solid 
matter. 

After  the  observations  which  have  now  been  made,  the  reader  will 
perceive  that  the  term  primary  must  either  be  entirely  renounced,  or, 
if  retained,  must  be  differently  defined,  and  not  made  to  designate  a 
set  of  crystalline  rocks,  some  of  which  are  already  ascertained  to  be 
newer  than  all  the  secondary  formations.  In  this  work  I  shall  follow 
most  nearly  the  method  proposed  by  Mr.  Bou^  who  has  called  all 
fossiliferous  rocks  older  than  the  secondary  by  the  name  of  primary. 
To  prevent  confusion,  however,  I  shall  always  speak  of  these,  when 
they  are  of  the  aqueous  class,  as  the  primary  fossiliferous  formations, 
because  the  word  primary  has  hitherto  been  almost  inseparably  con- 
nected with  the  idea  of  a  non-fossiliferous  rock. 

If  we  can  prove  any  plutonic,  volcanic,  or  metamorphic  rocks  to  be 
older  than  the  secondary  formations,  such  rocks  will  also  be  primary, 
according  to  this  system.  Mr.  Bou6  having  with  great  propriety 
excluded  the  metamorphic  rocks,  as  a  clasSy  from  the  primary  form- 
ations, proposed  to  call  them  all  "  crystalline  schists." 

As  there  are  secondary  fossiliferous  strata,  so  we  shall  find  that 
there  are  plutonic,  volcanic,  and  metamorphic  rocks  of  contempora- 
neous origin,  which  I  shall  also  term  secondary. 

In  the  next  chapter  it  will  be  shown  that  the  strata  above  the 
chalk  have  been  called  tertiary.  If,  therefore,  we  discover  any  vol- 
canic, plutonic,  or  metaiporphic  rocks,  which  have  originated  since 
the  deposition  of  the  chalk,  these  also  will  rank  as  tertiary  form- 
ations. 
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It  may  perhaps  be  suggested  that  some  metamorphic  strata,  and 
some  granites,  may  be  anterior  in  date  to  the  oldest  of  the  primary 
fossiliferous  rocks.  This  opinion  is  doubtless  true,  and  will  be  dis- 
cussed in  future  chapters ;  but  I  may  here  observe,  that  when  we 
arrange  the  four  classes  of  rocks  in  four  parallel  columns  in  one  table 
of  chronology,  it  is  by  no  means  assumed  that  these  columns  are  all 
of  equal  length ;  one  may  begin  at  an  earlier  period  than  the  rest,  and 
another  may  come  down  to  a  later  point  of  time.  In  the  small  part 
of  the  globe  hitherto  examined,  it  is  hardly  to  be  expected  that  we 
should  have  discovered  either  the  oldest  or  the  newest  members  of 
each  of  the  four  classes  of  rocks.  Thus,  if  there  be  primary,  se- 
condary, and  tertiary  rocks  of  the  aqueous  or  fossiliferous  class,  and 
in  like  manner  primary,  secondary,  and  tertiary  hypogene  formations, 
we  may  not  be  yet  acquainted  with  the  most  ancient  of  the  primary 
fossiliferous  beds,  or  with  the  newest  of  the  hypogene. 


CHAPTER  IX. 

ON  THE  DIFFERENT  AGES  OF  THE  AQUEOUS  BOCKS. 

On  the  three  principal  tests  of  relative  age  —  superposition,  mineral  character,  and 
fossils — Change  of  mineral  character  and  fossils  in  the  same  continuous  forma- 
tion— Proofs  that  distinct  species  of  animals  and  plants  have  lived  at  successive 
periods  ~  Distinct  provinces  of  indigenous  species — Great  extent  of  single  pro- 
vinces—  Similar  laws  prevailed  at  successive  geological  periods—  Relative 
importance  of  mineral  and  palseontological  characters — Test  of  age  by  included 
fragments — Frequent  absence  of  strata  of  intervening  periods — Principal  groups 
of  strata  in  western  Europe. 

In  the  last  chapter  I  spoke  generally  of  the  chronological  relations  of 
the  four  great  classes  of  rocks,  and  I  shall  now  treat  of  the  aqueous 
rocks  in  particular,  or  of  the  successive  periods  at  which  the  different 
fossiliferous  formations  have  been  deposited. 

There  are  three  principal  tests  by  which  we  determine  the  age  of 
a  given  set  of  strata  ;  first,  superposition ;  secondly,  mineral  cha- 
racter ;  and,  thirdly,  organic  remains.  Some  aid  can  occasionally  be 
derived  from  a  fourth  kind  of  proof,  namely,  the  fact  of  one  deposit 
including  in  it  fragments  of  a  pre-existing  rock,  by  which  the  rela- 
tive ages  of  the  two  may,  even  in  the  absence  of  all  other  evidence, 
be  determined. 

Superposition,  —  The  first  and  principal  test  of  the  age  of  one 
aqueous  deposit,  as  compared  to  another,  is  relative  position.  It  has 
been  already  stated,  that  where  strata  are  horizontal,  the  bed  which 
lies  uppermost  is  the  newest  of  the  whole,  and  that  which  lies  at  the 
bottom  the  most  ancient.  So,  of  a  series  of  sedimentary  formations, 
they  are  like  volumes  of  history,  in  which  each  writer  has  recorded 
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the  annals  of  his  own  times,  and  then  laid  down  the  book,  with  the 
last  written  page  uppermost,  upon  the  volume  in  which  the  events  of 
the  era  immediately  preceding  were  commemorated.  In  this  manner 
a  lofty  pile  of  chronicles  is  at  length  accumulated ;  and  they  are  so 
arranged  as  to  indicate,  by  their  position  alone,  the  order  in  which 
the  events  recorded  in  them  have  occurred. 

In  regard  to  the  crust  of  the  earth,  however,  there  are  some  re- 
gions where,  as  the  student  has  already  been  informed,  the  beds  have 
been  disturbed,  and  sometimes  extensively  thrown  over  and  turned 
upside  down.  (See  pp.  68,  59.)  But  an  experienced  geologist  can 
rarely  be  deceived  by  these  exceptional  cases.  When  he  finds  that 
the  strata  are  fractured,  curved,  inclined,  or  vertical,  he  knows  that 
the  original  order  of  superposition  must  be  doubtful,  and  he  then 
endeavours  to  find  sections  in  some  neighbouring  district  where  the 
strata  are  horizontal,  or  only  slightly  inclined.  Here  the  true  order 
of  sequence  of  the  entire  series  of  deposits  being  ascertained,  a  key  is 
furnished  for  settling  the  chronology  of  those  strata  where  the  dis- 
placement is  extreme. 

Mineral  character, —  The  same  rocks  may  often  be  observed  to 
retain  for  miles,  or  even  hundreds  of  miles,  the  same  mineral  pecu- 
liarities, if  we  follow  the  planes  of  stratification,  or  trace  the  beds,  if 
they  be  undisturbed,  in  a  horizontal  direction.  But  if  we  pursue 
them  vertically,  or  in  any  direction  transverse  to  the  planes  of  strati- 
fication, this  uniformity  ceases  almost  immediately.  In  that  case  we 
can  scarcely  ever  penetrate  a  stratified  mass  for  a  few  hundred  yards 
without  beholding  a  succession  of  extremely  dissimilar,  calcareous, 
argillaceous,  and  siliceous  rocks.  These  phenomena  lead  to  the  con- 
clusion, that  rivers  and  currents  have  dispersed  the  same  sediment 
over  wide  areas  at  one  period,  but  at  successive  periods  have  been 
charged,  in  the  same  region,  with  very  difierent  kinds  of  matter. 
The  first  observers  were  so  astonished  at  the  vast  spaces  over  which 
they  were  able  to  follow  the  same  homogeneous  rocks  in  a  horizontal 
direction,  that  they  came  hastily  to  the  opinion,  that  the  whole  globe 
had  been  environed  by  a  succession  of  distinct  aqueous  formations, 
disposed  round  the  nucleus  of  the  planet,  like  the  concentric  coats  of 
an  onion.  But  although,  in  fact,  some  formations  may  be  continuous 
over  districts  as  large  as  half  of  Europe,  or  even  more,  yet  most  of 
them  either  terminate  wholly  within  narrower  limits,  or  soon  change 
their  lithological  character.  Sometimes  they  thin  out  gradually,  as 
if  the  supply  of  sediment  had  failed  in  that  direction,  or  they  come 
abruptly  to  an  end,  as  if  we  had  arrived  at  the  borders  of  the  ancient 
sea  or  lake  which  served  as  their  receptacle.  It  no  less  frequently 
happens  that  they  vary  in  mineral  aspect  and  composition,  as  we 
pursue  them  horizontally.  For  example,  we  trace  a  limestone  for  a 
hundred  miles,  until  it  becomes  more  arenaceous,  and  finally  passes 
into  sand,  or  sandstone.  We  may  then  follow  this  sandstone,  already 
proved  by  its  continuity  to  be  of  the  same  age,  throughout  another 
district  a  hundred  miles  or  more  in  length. 

Organic  remains. — This  character  must  be  used  as  a  criterion  of 
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the  age  of  a  formation,  or  of  the  contemporaneous  origin  of  two 
deposits  in  distant  places,  under  yery  much  the  same  restrictions  as 
the  test  of  mineral  composition. 

First,  the  same  fossils  may  be  traced  oy&t  wide  regions^  if  we 
examine  strata  in  the  direction  of  their  planes,  although  bj  no  means 
for  indefinite  distances. 

Secondly,  while  the  same  fossils  prevail  in  a  particular  set  of 
strata  for  hundreds  of  miles  in  a  horizontal  direction,  we  seldom  meet 
with  the  same  remains  for  many  fathoms,  and  very  rarely  for  several 
hundred  yards,  in  a  vertical  line,  or  a  line  transverse  to  the  strata. 
This  fact  has  now  been  verified  in  almost  all  parts  of  the  globe,  and 
has  led  to  a  conviction,  that  at  successive  periods  of  the  past,  the 
same  area  of  land  and  water  has  been  inhabited  by  species  of  animals 
and  plants  even  more  distinct  than  those  which  now  pec^le  the  anti- 
podes, or  which  now  co-exist  in  the  arctic,  temperate,  and  tropical 
zones.  It  appears,  that  from  the  remotest  periods  there  has  been 
ever  a  coming  in  of  new  organic  forms,  and  an  extinction  of  those 
which  pre-existed  on  the  earth ;  some  ^>ecies  having  endured  for  a 
longer,  others  for  a  shorter  time ;  while  none  have  ever  re-appeared 
after  once  dying  out.  The  law  which  has  governed  the  creation  and 
extinction  of  species  seems  to  be  expressed  in  the  verse  of  the 
poet, — 

Katora  il  fece,  e  pot  mppe  la  stamps.        Auotfia. 
Nature  made  him,  and  then  broke  the  die. 

And  this  circumstance  it  is,  which  confers  on  fossils  their  highest 
value  as  chronological  tests,  giving  to  each  of  them,  in  the  eyes  of 
the  geologist,  that  authority  which  belongs  to  contemporary  medals 
in  history. 

The  same  cannot  be  said  of  each  peculiar  variety  of  rock ;  for 
some  of  these,  as  red  marl  and  red  sandstone,  for  example^  may 
occur  at  once  at  the  top»  bottom,  and  middle  of  the  entire  sedi- 
mentary series ;  exhibiting  in  each  position  so  perfect  an  identity  of 
mineral  aspect  as  to  be  undistinguishable.  Such  exact  repetitions, 
however,  of  the  same  mixtures  of  sediment  have  not  often  been  pro- 
duced, at  distant  periods,  in  precisely  the  same  parts  of  the  globe ; 
and  even  where  this  has  happened,  we  are  seldom  in  any  danger  of 
confounding  together  the  monuments  of  remote  eras,  when  we  have 
studied  their  imbedded  fossils  and  relative  position. 

It  was  remarked  that  the  same  species  of  organic  remains  cannot 
be  traced  horizontally,  or  in  the  direction  of  the  planes  of  strati- 
fication for  indefinite  distances.  This  might  have  been  expected 
from  analogy ;  for  when  we  inquire  into  the  present  distribution  of 
living  beings,  we  find  that  the  habitable  surface  of  the  sea  and  land 
may  be  divided  into  a  considerable  number  of  distinct  provinces, 
each  peopled  by  a  peculiar  assemblage  of  animals  and  plants.  In  the 
Principles  of  Geology,  I  have  endeavoured  to  point  out  the  extent 
and  probable  origin  of  these  separate  divisions;  and  it  was  shown 
that  climate  is  only  one  of  many  causes  on  which  they  depend,  and 
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that  difference  of  longitude  as  well  as  latitude  is  generally  accom- 
panied by  a  dissimilarity  of  indigenous  species. 

As  different  seas,  therefore,  and  lakes  are  inhabited  at  the  same 
period,  by  different  aquatic  animals  and  plants^  and  as  the  lands  ad- 
joining these  may  be  peopled  by  distinct  terrestrial  species,  it  follows 
that  distinct  fossils  will  be  imbedded  in  contemporaneous  deposits. 
If  it  were  otherwise — if  the  same  species  abounded  in  every  climate^ 
or  in  every  part  of  the  globe  where,  so  far  as  we  can  discover,  a 
corresponding  temperature  and  other  conditions  favourable  to  their 
existence  are  found — the  identification  of  mineral  masses  of  the 
same  age,  by  means  of  their  included  organic  contents,  would  be  a 
matter  of  still  greater  certainty. 

Nevertheless,  the  extent  of  some  single  zoological  provinces,  espe- 
cially those  of  marine  animals,  is  very  great ;  and  our  geological 
researches  have  proved  that  the  same  laws  prevailed  at  remote 
periods ;  for  the  fossils  are  often  identical  throughout  wide  spaces, 
and  in  a  great  number  of  detached  deposits,  in  which  the  mineral 
nature  of  the  rocks  is  variable. 

The  doctrine  here  laid  down  will  be  more  readily  understood,  if 
we  reflect  on  what  is  now  going  on  in  the  Mediterranean.  That 
entire  sea  may  be  considered  as  one  zoological  province ;  for,  although 
certain  species  of  testacea  and  zoophytes  may  be  very  local,  and  each 
region  has  probably  some  species  peculiar  to  it,  still  a  considerable 
number  are  common  to  the  whole  Mediterranean.  If,  therefore,  at 
some  future  period,  the  bed  of  this  inland  sea  should  be  converted 
into  land,  the  geologist  might  be  enabled,  by  reference  to  organic 
remains,  to  prove  the  contemporaneous  origin  of  various  mineral 
masses  scattered  over  a  space  equal  in  area  to  the  half  of  Europe. 

Deposits,  for  example,  are  well  known  to  be  now  in  progress  in 
this  sea  in  the  deltas  of  the  Po,  Rhone,  Nile,  and  other  rivers,  which 
differ  as  greatly  from  each  other  in  the  nature  of  their  sediment  as 
does  the  composition  of  the  mountains  which  they  drain.  There  are 
also  other  quarters  of  the  Mediterranean,  as  off  the  coast  of  Cam- 
pania, or  near  the  base  of  Etna,  in  Sicily,  or  in  the  Grecian  Archi- 
pelago, where  another  class  of  rocks  is  now  forming ;  where  showers 
of  volcanic  ashes  occasionally  fall  into  the  sea,  and  streams  of  lava 
overflow  its  bottom ;  and  where,  in  the  intervals  between  volcanic 
eruptions,  beds  of  sand  and  clay  are  frequently  derived  from  the 
waste  of  cliffs,  or  the  turbid  waters  of  rivers.  Limestones,  moreover, 
such  as  the  Italian  travertins,  are  here  and  there  precipitated  from 
the  waters  of  mineral  springs,  some  of  which  rise  up  from  the 
bottom  of  the  sea.  In  all  these  detached  formations,  so  diversified  in 
their  lithological  characters,  the  remains  of  the  same  shells,  corals, 
Crustacea,  and  fish  are  becoming  inclosed ;  or,  at  least,  a  sufficient 
number  must  be  common  to  the  different  localities  to  enable  the 
zoologist  to  refer  them  all  to  one  contemporaneous  assemblage  of 
species. 

There  are,  however,  certain  combinations  of  geographical  circum- 
stances which  cause  distinct  provinces  of  animals  and  plants  to  be 
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^K^f4^itiui  U>H9*  t.4t^U  *4U^  \ty  r^irj  luurow  limits;  and  hence  it 
^M«4  h**^fj**^h,  ^UtU  Hrttt*  trill  be  MMnetimes  formed  in  contiguous 
^hjfU/hM,  4)f^PVH(  ^^^^y  b'^^^  ^D  mineral  contents  and  organic  re- 
Hfft4h0  i  Urn,  f^fp  »^%MU\tUif  the  tfcstacca,  zoophjtes,  and  fieh  of  the 
U**A  ^U^  itpf-4  H*  «  ttftfU\$^  ^^xtremc'lj  distinct  from  those  inhabiting 
^Ka  nAi^Ah'fffH  $fi9fU  f4  iUti  M^literranean,  although  the  two  seas  are 
tf^irfrfff^M  f^lf  1^  t^M?  narrow  isthmus  of  Suez.  Of  the  bivalre 
aKaIN,  n^^^thun  Uf  niififif^f  not  more  than  a  fifth  are  common  to 
V^  HM  %ty^  khA  i\^  wra  around  Sicily,  while  the  proportion  of 
%m\^A^M,  Oi/f  OMf^f/yy«<ida)  is  ktill  smaller,  not  exceeding  eighteen  in 
M  Kitn^f*A4  i^nU-MfM^tH  formations  have  accumulated  on  a  great 
4/<«fln  m  n>A  U^  l^a  io  fiiMbrm  times,  and  fossil  shells  of  existing 
4fK*>/«;«^4  ffA  vr^U  ^.f *4^t«l  ibunjin  ;  and  we  know  that  at  the  mouth 
Af  r1i^  V»1a  (^^^a  4^^U«  </f  mtjd  are  amassed,  including  the  remains 
f^  VfMitAf*i*)«f^Ai«/»  ttptt4i\M,  It  follows,  therefore,  that  if  at  some 
ftHnf '^  ygf^fitA  fhA  ^^t  f4  tiMT  Uft\  S«a  should  be  laid  dry,  the  geologist 
m4jrbt  .w^/rAA^A  ^^^i  #l)^«rfihi(iH  in  endeavouring  to  ascertain  the 
r«ni,tft  ."^  *»i<«^  f^  f^f^^  tmtmiU»ui»t  which,  although  dissimikr  both  in 
r*r/.inVM  4n4  *v»J^A^M  ^b*fa*'l«^rli,  wuro  of  synchronous  origin. 

FV.Tt.  /tti  fhA  /*4>tA^  hHU4\,  w#»  tnUHt  not  forget  that  the  north-western 
A.'rt*  ^  /rf  fKA  AMf'Iffff  Ofilf,  tbo  |ilrtlns  of  Egypt,  and  the  isthmus  of 
ii„  /  ^^\  <vM  jf»i*f«  of  ono  |irovini*o  of  itrrestrial  species.  Small 
s»^^.,^4^^  $9fK^hftft$t,  «wt4!aiilonal  land-floods,  and  those  winds  which  drift 
K'w/^'ii  *A  ^9f4  nUtuii  tlio  disserts,  might  carry  down  into  the  Red  Sea 
ij^-  u^mK  itUiWn  of  fluviatilo  and  land  tostacea  which  the  Nile  is 
toy^kK^nn^i  into  itM  delta,  together  with  some  remains  of  terrestrial 
^AiKUU  liitd  tlie  bones  of  quadrupeds,  whereby  the  groups  of  strata, 
bctWc  uliudud  to,  might,  notwithstanding  the  discrepancy  of  their 
luiucTttl  composition  and  manne  organic  fossils,  be  shown  to  hare 
belonged  to  the  same  epoch. 

Yet  while  rivers  may  thus  carry  down  the  same  fluviatile  and 
terrestrial  spoils  into  two  or  more  seas  inhabited  by  different  marine 
species,  it  wiH  mikch  more  frequently  happen,  that  the  co-existence 
of  terrestrial  Bpecaes  of  distinct  zoological  and  botanical  provinces 
will  be  proved  bv  the  identity  of  the  marine  beings  which  inhabited 
the  intervening  space.  Thus,  for  example,  the  land  quadrupeds  and 
aheUs  of  the  south  of  Europe,  north  of  Africa,  and  north-west  of 
Asia,  are  different,  yet  their  remains  are  all  washed  down  by  rivers 
flowing  from  these  three  countries  into  the  Mediterranean. 

In  some  parts  of  the  globe,  at  the  present  period,  the  line  of 
demarcation  between  distinct  provinces  of  animals  and  plants  is  not 
ver}'  strongly  marked,  especially  where  the  change  is  determined  by 
temperature,  as  in  seas  extending  from  the  tem(>erate  to  the  tropical 
zone,  or  from  the  temperate  to  the  arctic  regions.  Here  a  gradual 
passage  takes  place  from  one  set  of  species  to  another.  In  like 
manner  the  geologist,  in  studying  particular  formations  of  remote 
periods,  has  sometimes  been  able  to  trace  the  gradation  from  one 
ancient  province  to  another,  by  observing  carefully  the  fossib  of  all 
the  intermediate  places.     His  success  in  thus  acquiring  a  knowledge 
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of  the  zoological  or  botanical  geographer  ofyerj  distant  eras  has  been 
mainly  owing  to  this  circumstance,  thal-ilbs'^ineral  character  has  no 
tendency  to  be  affected  by  climate.  A  4arge '•river  may  convey 
yellow  or  red  mud  into  some  part  of  the  oceaft/.where  it  may  be 
dispersed  by  a  current  over  an  area  several  hundred  leagues  in 
length,  so  as  to  pass  from  the  tropics  into  the  temperate-' zoi>e.  If 
the  bottom  of  the  sea  be  afterwards  upraised,  the  orgafii^  remains 
imbedded  in  such  yellow  or  red  strata  may  indicate  the  dlffe^nt 
animals  or  plants  which  once  inhabited  at  the  same  time  the  temr-  • 
perate  and  equatorial  regions.  '    : 

It  may  be  true,  as  a  general  rule,  that  groups  of  the  same  species 
of  animals  and  plants  may  extend  over  wider  areas  than  deposits  of 
homogeneous  composition ;  and  if  so,  palseontological  characters  will 
be  of  more  importance  in  geological  classification  than  mineral 
composition  ;  but  it  is  idle  to  discuss  the  relative  value  of  these  tests, 
as  the  aid  of  both  is  indispensable,  and  it  fortunately  happens,  that 
where  the  one  criterion  fails,  we  can  often  avail  ourselves  of  the 
other. 

Test  by  included  fragments  of  older  rocks. — It  was  stated,  that 
independent  proof  may  sometimes  be  obtained  of  the  relative  date  of 
two  formations,  by  fragments  of  an  older  rock  being  included  in  a 
newer  one.  This  evidence  may  sometimes  be  of  great  use,  where  a 
geologist  is  at  a  loss  to  determine  the  relative  age  of  two  formations 
from  want  of  clear  sections  exhibiting  their  true  order  of  position,  or 
because  the  strata  of  each  group  are  vertical.  In  such  cases  we 
sometimes  discover  that  the  more  modem  rock  has  been  in  part 
derived  from  the  degradation  of  the  older.  Thus,  for  example,  we 
may  find  in  one  part  of  a  country  chalk  with  flints  ;  and,  in  another, 
a  distinct  formation,  consisting  of  alternations  of  clay,  sand,  and 
pebbles.  If  some  of  these  pebbles  consist  of  similar  flint  and  fossil 
shells,  sponges,  and  foraminiferse,  of  the  same  species  as  those  in  the 
chalk,  we  may  confidently  infer  that  the  chalk  is  the  oldest  of  the 
two  formations. 

Chronological  groups, — The  number  of  groups  into  which  the 
fossiliferous  strata  may  be  separated  are  more  or  less  numerous, 
according  to  the  views  of  classification  which  different  geologists 
entertain ;  but  when  we  have  adopted  a  certain  system  of  arrange^ 
ment,  we  immediately  find  that  a  few  only  of  the  entire  series  of 
groups  'Occur  one  upon  the  other  in  any  single  section  or  district. 

The  thinning  out  of  individual  strata  was  before  described  (p.  16.). 


Fig.  104. 
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But  let  the  annexed  diagram  represent  seven  fossiliferous  groups, 
instead  of  as  many  strata.    It  will  then  be  seen  that  in  the  middle 
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all  the  superimposed  fornAtip^  are  present ;  bnt  in  conaeqnence  of 
some  of  them  thinnli]^.  oatt  'Xo.  2.  and  No.  5.  are  Absent  at  oao 
extremity  of  the  sec(i<riii  )uid  Ko.  4.  at  the  other. 

In  the  annexed-,  diagram,  fig.  105 ,  a  real  section  of  the  geological 
formaUons  ur.tbe  neighbonrhood  of  Bristol  and  the  Mendip  Hills,  ia 
preset^ted'-to  the  reader  as  laid  down  on  a  true  scale  hj  Professor 
Bamsftj,  vhere  the  newer  groups  1,  2,  3,  4.  rest  onconformabljr  od 


the  fonnatione  5.  and  6.  Here  at  the  sonthem  end  of  the  line  of 
section  we  meet  with  the  beds  No.  3.  (the  New  Red  Sandstone)  resting 
immediately  on  No.  6.,  while  forther  north,  ae  at  Dundij  Hill,  ^re 
behold  six  groups  euperimposed  one  upon  the  other,  comprising  all 
the  strata  from  the  inferior  oolite  to  the  coal  and  carixtniferons 
limestone.  The  limited  extension  of  the  groops  I.  and  2.  is  owing 
to  denudation,  as  these  formations  end  abruptly,  and  hare  lefi 
OQtljing  patches  to  attest  the  fact  of  their  hariDg  originallj  covered 
a  much  wider  area. 

In  manj  instances,  however,  the  entire  absence  of  one  or  mors 
formations  of  intervening  periods  between  two  gronp^  such  as  3. 
and  S,  in  the  same  section,  arises,  not  from  the  destruction  of  what 
once  existed,  but  because  no  strata  of  an  intermediate  age  were  ever 
deposited  on  the  inferior  rock.  They  were  not  formed  at  that  places 
either  because  the  region  was  dry  land  during  the  interval,  or  becaose 
it  was  part  of  a  sea  or  kke  to  which  no  sediment  was  carried. 

In  order,  therefore,  to  establish  a  chronological  succession  of 
foBsiliferoua  groups,  a  geolt^st  must  begin  with  a  single  section,  in 
which  several  seta  of  strata  lie  one  upon  the  other.  He  must  then 
trace  these  formations,  by  attention  to  their  mineral  character  and 
fossils^  continuously,  as  far  as  possible,  from  the  starting  point.  As 
often  as  he  meets  with  new  groups,  he  must  ascertain  by  super- 
position their  age  relatively  to  those  first  examined,  and  thus  learn 
bow  to  intercalate  them  in  a  tabular  arrangement  of  the  whole. 

By  this  means  the  Grerman,  French,  and  English  geologists  have 
luktennined   the   succession   of  strata  throughout  a  great  part  of 
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»  Secondaiy,  or  Mesozoicf 


Priimury  fossiliferoiifi,  or  paleo- 
Eoicf 
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Europe,  and  have  adopted  pretty  generally  the  following  groups, 
almost  all  of  which  have  their  representatires  in  the  British  Islands. 

Groups  of  Fossiliferous  Strata  observed  in  Western  Europe,  ar- 
ranged in  what  is  termed  a  descending  Series,  or  beginning  tcith 
the  newest, 

1.  Post-Pliocene,  inclading  those  of  the 

Becent,  or  human  period. 

2.  Newer  Pliocene,  or  Pleistocene.  "j 

3.  Older  Pliocene.  I  Tertiary    Snpracretaceous*,    or 

4.  Miocene.  f      Cainoxoicf 

5.  Eocene.  J 

6.  Chalk. 

7.  Oreensand. 

8.  Wealden. 

9.  Upper  Oolite. 

10.  Middle  Oolite. 

11.  Lower  Oolite. 

12.  Lia& 

13.  Triaa 

14.  Permian. 

15.  Goal 

16.  Old  Bed  sandstone,  or  Deronian. 

17.  Upper  Silurian. 

18.  Lower  Silurian. 

19.  Cambrian  and  older  fossiliferoiiB  strata.^ 

It  is  not  pretended  that  the  three  principal  sections  in  the  above 
table,  called  primary,  secondary,  and  tertiary,  are  of  equivalent  im- 
portance, or  that  the  eighteen  subordinate  groups  comprise  monuments 
relating  to  equal  portions  of  past  time,  or  of  the  earth's  history. 
But  we  can  assert  that  they  each  relate  to  successive  periods, 
during  which  certain  animals  and  plants,  for  the  most  part  peculiar 
to  their  respective  eras,  have  flourished,  and  during  which  different 
kinds  of  sediment  were  deposited  in  the  space  now  occupied  by 
Europe. 

If  we  were  disposed,  on  palaeontological  grounds  f,  to  divide  the 
entire  fossiliferous  series  into  a  few  groups,  less  numerous  than  those 
in  the  above  table,  and  more  nearly  co-ordinate  in  value  than  the 
sections  called  primary,  secondary,  and  tertiary,  we  might,  perhaps, 
adopt  the  six  groups  or  periods  given  in  the  next  table  (p.  104.). 

At  the  same  time,  I  may  observe,  that  in  the  present  state  of  the 
science,  when  we  have  not  yet  compared  the  evidence  derivable  from 
all  classes  of  fossils,  not  even  those  most  generally  disti*ibuted,  such 
as  shells,  corals,  and  fish,  such  generalizations  are  premature,  and  can 
only  be  regarded  as  conjectural  or  provisional  schemes  for  the  founding 
of  large  natural  groups. 


*  For  tertiaiy.  Sir  H.  De  la  Beche  has  from  ftf ^or,  mesot,  middle,  &c. ;  Paleozoic, 

used    the    term    **  supracretaceous,"    a  from  waXatos,  jaciaiM^  ancient,  &c. 

name  implying  that  the  strata  so  called  %  PaliBontology  is  the  science  which 

are  superior  in  position  to  the  chalk.  treats  of  fossil  remains,  hoth  animal  and 

f  IVofcssor  Phillips  has  adopted  these  vegetable.    Etifm,  iraXcuof ,  pakuoi,  an- 

terms :  Cainozoic,  from  itauros,  cainoi,  re-  cient,  orra,  onto,  beings,  and  Aoyos,  logos^ 

cent,  and  (ttoyf  zoom,  animal;  Mesozoic,  a  discourse. 

B  4 
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>    ■'c.«/'i#/i  Europe  divided  into  Six  Groups. 

•   .U'lii  Uiu  r«>bt-I'lifM:enc  to  the  Eocene  inclusive. 
1    .u.iit  I  hi)  Miurstricitt  Chalk  to  the  Lower  Green- 

\         j.iiiit  iiirliihivc. 

II  ••III  I  he  NVi'iilili'ti  to  the  Li«as  inchisive. 

I  li..lll.lm^:  ihi'  KtJiijMT.   Miischelkulk,  and  Banter 
\       ^iiiiiil.-.ii'iii  of  ilic  (iermuns. 

..     j  ill.  lulling   Mii^iu-.sijin  Limestone  (Zechstein),  Coal, 

' I        Mt.iiiiiJiiii  Liimstoiic,  and  Old  Ilod  sandstone. 

I  '»'•'••  "'"•  I'l'lM-r  Silurian  to  the  oldest  fossiliferous 

I  liM  ki  lliriUhi\c. 


I  I 
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«  I  »  •  •    I  •  »■     I  I  II 1 1 A  U  Y    KOK  M  A  nONS,  —  roST-PLIOCEXE  GBOrP. 

I,  I      .1  .1.1.  iiiiiiii.iti  .  it  till  inn  stnitji  — IVtaohoil  formations  soattex^ 

I        'Mt.iiii  lit    rmn  iiiul   LiMuliMi  —  Mon»  mivlom  p\>up$ l*ociil2ar 

I.,    i.i.iiiiiiiinp    ilio   rli!iini»li«.:\    ol'  toni:u7-   t'onii at iors  — Increasing 

I  ii.iiii-  .jiii  Ji^  i»t  shrlN  III  Mrjifa  of  iiowor  orijjin Tomi*  E«xv3e 

...  I  I  ii  •• .  iiK      I'l*"*!  rii.Hvur  Mnita      Kivoni  or  human  peii^Hi Older 

II     iiiiiiftii.Min  it|   NiipK's  rddcxalla.  aud  Norway — Ax:cious  nr^aiied 
I.     \ii   -I- •i|.|ii       l4»i<---<  ol  ilio  KUit:c. 

.  .    I    .  iiii|ii/i  till'  mod  iiuslrni  ot'  i\\c  <k\S'  of  sinita  enumenii^ 

.     I  lU    .  |ihi  II  iti  ilio  v\u\  of  t!io  l.'.s;  v*V,:*ij*:i r.  i;  wi/:  Iv  liivca-sori' 

,       .11.  I  III M>.  iM'noialh  of  \\w  \\\\\\c  of  V  *.;»>>: fyir.g  :he  :V*ra:aiIva5 

I  >   I  iiti  I 

I       .  I  u  M .    I  d   I .  u  I  n  \  1 » ;; •.  b*\  V,  :: ; \  t* r.  :  .^  :  :-.^- :v,  Kva ;: ?<  :  :.t  j  ire  ill 

.     .   i  \\\  t\.\\%-  i*^  \\w  wwKs  W\i\\s\\  "  >*\\  v.^liry."  vf  wl.:c:.  ihz- clijkli 

.  ..(t       «l»i-   n.  >>  i-  I    o:n*'*{^       l"i  rs*'   '.ir:  .irv   <:7:s:ji  w-::v    j;    £^<; 

.    ..,  I,  I    .» ■  I'.  i.M^-  ■•^.ut'.^  i*   j' ". ^  >^ ■.;'.■.  *:.:  >.'.vv7r.;.;.'.  .'.'.'. «.:«::i<   :: 

*«  ^^  »    i»^:'..;  k,  , -.v  i    ,  .;    :v.'.,  ;\;.v:  .v.: ;.  :..;.a.:>csn.  ir.c 

I    k>   III.       .  »  i"i\».  i    \   ;,*     ■■^.   ,'  ■  V    .<       .    ..,    r    ,».■.>■;   .1."    .  ■ ';  r.  S..;£^£^<7ir^ 

\    .    tu   »    ....•.•■■.  !».   ,■■  *   .  .«.vx    ..    ■■     ■.*    ;:•:    .■  :.f -jj..':.-^  vf-r^  fi> 

^•\\\^     t^,'.  <   »sv.  >'■■■       '     v.  \.     /.        •-     ».:■•    V".-.i;.i  •:.;!-*'-       "^^-J 
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Species,  and  to  have  in  general  a  near  affinity  to  those  now  inhabiting 
warmer  seas.  The  bones  and  skeletons  of  land  animals,  some  of  them 
of  large  size,  and  belonging  to  more  than  forty  distinct  species,  were 
examined  by  Cuvier,  and  declared  by  him  not  to  agree  specifically 
and  for  the  most  part  not  even  generically,  with  any  hitherto  ob- 
served in  the  living  creation. 

Strata  were  soon  afterwards  brought  to  light  in  the  vicinity  of 
London,  and  in  Hampshire,  which,  although  dissimilar  in  mineral 
composition^  were  justly  inferred  by  Mr.  T.  Webster  to  be  of  the 
same  age  as  those  of  Paris,  because  the  greater  number  of  the  fossil 
shells  were  specifically  identical.  For  the  same  reason  rocks  found 
on  the  Gironde,  in  the  South  of  France,  and  at  certain  points  in 
the  North  of  Italy,  were  suspected  to  be  of  contemporaneous  origin. 

A  variety  of  deposits  were  afterwards  found  in  other  parts  of 
Europe,  all  reposing  immediately  on  rocks  as  old  or  older  than  the 
chalk,  and  which  exhibited  certain  general  characters  of  resemblance 
in  their  organic  remains  to  those  previously  observed  near  Paris  and 
London.  An  attempt  was  therefore  made  at  first  to  refer  the  whole 
to  one  period  ;  and  when  at  length  this  seemed  impracticable,  it  was 
contended  that  as  in  the  Parisian  series  there  were  many  subordinate 
formations  of  considerable  thickness  which  must  have  accumulated 
one  after  the  other,  during  a  great  lapse  of  time,  so  the  various 
patches  of  tertiary  strata  scattered  over  Furope  might  correspond  in 
age,  some  of  them  to  the  older,  and  others  to  the  newer  subdivisions, 
of  the  Parisian  series. 

This  error,  although  almost  unavoidable  on  the  part  of  those  who 
made  the  first  generalizations  in  this  branch  of  geology,  retarded 
seriously  for  some  years  the  progress  of  classification.  A  more  scru- 
pulous attention  to  specific  distinctions,  aided  by  a  careful  regard  to 
the  relative  position  of  the  strata  containing  them,  led  at  length  to 
the  conviction  that  there  were  formations  both  marine  and  freshwater 
of  various  ages,  and  all  newer  than  the  strata  of  the  neighbourhood  of 
Paris  and  London. 

One  of  the  first  steps  in  this  chronological  reform  was  made  in 
1811,  by  an  English  naturalist,  Mr.  Parkinson,  who  pointed  out  the 
fact  that  certain  shelly  strata,  provincially  termed  "  Crag  **  in  Suffolk, 
lay  decidedly  over  a  deposit  which  was  the  continuation  of  the  blue 
clay  of  London.  At  the  same  time  he  remarked  that  the  fossil  tes- 
tacea  in  these  newer  beds  were  distinct  from  those  of  the  blue  clay, 
and  that  while  some  of  them  were  of  unknown  sgecies,  others  were 
identical  with  species  now  inhabiting  the  British  seas. 

Another  important  discovery  was  soon  afterwards  made  by  Brocchi 
in  Italy,  who  investigated  the  argillaceous  and  sandy  deposits  replete 
with  shells  which  form  a  low  range  of  hills,  flanking  the  Apennines 
on  both  sides,  from  the  plains  of  the  Po  to  Calabria.  These  lower 
hills  were  called  by  him  the  Subapennines,  and  were  formed  of  strata 
of  different  ages,  idl  newer  than  those  of  Paris  and  London. 

Another  tertiary  group  occurring  in  the  neighbourhood  of  Bordeaux 
and  Daxy  in  the  S.  of  France,  was  examined  by  M.  de  Basterot  in 
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1S^«^,  who  described  and  figured  several  hundred  species  of  shells, 
which  difTcred  for  the  most  part  both  from  the  Parisian  series  and 
lhi^«  of  the  Subapennine  hills.  It  was  soon,  therefore,  suspected 
that  this  fauna  might  belong  to  a  period  intermediate  between  that  of 
tho  Parisian  and  Subapennine  strata,  and  it  was  not  long  before  the 
ovidonco  of  superposition  was  brought  to  bear  in  support  of  this 
opinion ;  for  other  strata,  contemporaneous  with  those  of  Bordeaux, 
wore  observed  in  one  district  (the  Valley  of  the  Loire),  to  overlie  the 
IVirisian  formation,  and  in  another  (in  Piedmont)  to  underlie  the  Sub- 
apennine beds.  The  first  example  of  these  was  pointed  out  in  1829  by 
M.  Desnoyers,  who  ascertained  that  the  sand  and  marl  of  marine 
origin  called  Faluns,  near  Tours,  in  the  basin  of  the  Loire,  full  of  sea- 
shdls  and  corals,  rested  upon  a  lacustrine  formation,  which  constitutes 
the  uppermost  subdivision  of  the  Parisian  group,  extending  con- 
tinuously throughout  a  great  table-land  intervening  between  the  basin 
of  the  Seine  and  that  of  the  Loire.  The  other  example  occurs  in 
Italy,  where  strata,  containing  many  fossils  similar  to  those  of  Bor- 
deaux^ were  observed  by  Bonelli  and  others  in  the  environs  of  Turin, 
subjacent  to  strata  belonging  to  the  Subapennine  group  of  Brocchi. 

Without  pretending  to  give  a  complete  sketch  of  the  progress  of 
discovery,  I  may  refer  to  the  facts  above  enumerated,  as  illustrating 
the  course  usually  pursued  by  geologists  when  they  attempt  to  found 
new  chronological  divisions.  The  method  bears  some  analogy  to  that 
pursued  by  the  naturalist  in  the  construction  of  genera,  when  he 
selects  a  typical  species,  and  then  classes  as  congeners  all  other  species 
of  animals  and  plants  which  agree  with  this  standard  within  certain 
limits.  The  genera  A.  and  C.  having  been  founded  on  these  princi- 
ples, a  new  species  is  afterwards  met  with,  departing  widely  both 
from  A.  and  C.,  but  in  many  respects  of  an  intermediate  character. 
For  this  new  type  it  becomes  necessary  to  institute  the  new  genus  B., 
in  which  are  included  all  species  afterwards  brought  to  light,  which 
agree  more  nearly  with  B.  than  with  the  types  of  A.  or  C.  In  like 
manner  a  new  formation  is  met  with  in  geology,  and  the  characters 
of  its  fossil  fauna  and  fiora  investigated.  From  that  moment  it  is 
considered  as  a  record  of  a  certain  period  of  the  earth's  history^  and  a 
standard  to  which  other  deposits  may  be  compared.  If  any  are  found 
containing  the  same  or  nearly  the  same  organic  remains,  and  occupy- 
ing the  same  relative  position,  they  are  regarded  in  the  light  of  con- 
temporary annals.  All  such  monuments  are  said  to  relate  to  one 
period,  during  which  certain  events  occurred,  such  as  the  formation 
of  particular  rocks  by  aqueous  or  volcanic  agency,  or  the  continued 
existence  and  fossilization  of  certain  tribes  of  animals  and  plants. 
When  several  of  these  periods  have  had  their  true  places  assigned  to 
them  in  a  chronological  series,  others  are  discovered  which  it  becomes 
necessary  to  intercalate  between  those  first  known ;  and  the  difficulty 
of  assigning  clear  lines  of  separation  must  unavoidably  increase  in 
proportion  as  chasms  in  the  past  history  of  the  globe  are  filled  up. 

Every  zoologist  and  botanist  is  aware  that  it  is  a  comparatively 
^^  task  to  establish  genera  in  departments  which  have  been  en- 
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riched  with  onlj  a  small  number  of  species,  and  where  there  is  as 
jet  no  tendency  in  one  set  of  characters  to  pass  almost  insensibly,  by 
a  multitude  of  connecting  links,  into  another.  They  also  know  that 
the  difficulty  of  classification  augments,  and  that  the  artificial  nature 
of  their  divisions  becomes  more  apparent  in  proportion  to  the  increased 
number  of  objects  brought  to  light.  But  in  separating  families  and 
genera,  they  have  no  other  alternative  than  to  avail  themselves  of 
such  breaks  as  still  remain,  or  of  every  hiatus  in  the  chain  of  ani- 
mated beings  which  is  not  yet  filled  up.  So  in  geology,  we  may  be 
eventually  compelled  to  resort  to  sections  of  time  as  arbitrary,  and  as 
purely  conventional,  as  those  which  divide  the  history  of  human 
events  into  centuries.  But  in  the  present  state  of  our  knowledge,  it 
is  more  convenient  to  use  the  interruptions  which  still  occur  in  the 
regular  sequence  of  geological  monuments,  as  boundary  lines  between 
our  principal  groups  or  periods,  even  though  the  groups  thus  esta- 
blished are  of  very  unequal  value. 

The  isolated  position  of  distinct  tertiary  deposits  in  different  parts 
of  Europe  has  been  already  alluded  to.  In  addition  to  the  difficulty 
presented  by  this  want  of  continuity  when  we  endeavour  to  settle 
the  chronological  relations  of  these  deposits,  another  arises  from  the 
frequent  dissimilarity  in  mineral  character  of  strata  of  contempora- 
neous date,  such,  for  example,  as  those  of  London  and  Paris  before 
mentioned.  The  identity  or  non-identity  of  species  is  also  a  criterion 
which  often  faib  us.  For  this  we  might  have  been  prepared,  for  we 
have  already  seen,  that  the  Mediterranean  and  Red  Sea,  although 
within  70  miles  of  each  other,  on  each  side  of  the  Isthmus  of  Suez, 
have  each  their  peculiar  fauna ;  and  a  marked  difference  is  found  in 
the  four  groups  of  testacea  now  living  in  the  Baltic,  English  Channel, 
Black  Sea,  and  Mediterranean,  although  all  these  seas  have  many 
species  in  common.  In  like  manner  a  considerable  diversity  in  the 
fossils  of  different  tertiary  formations,  which  have  been  thrown 
down  in  distinct  seas,  estuaries,  bays,  and  lakes,  does  not  always 
imply  a  distinctness  in  the  times  when  they  were  produced,  but  may 
have  arisen  from  climate  and  conditions  of  physical  geography  wholly 
independent  of  time.  On  the  other  hand,  it  is  now  abundantly  clear, 
as  the  result  of  geological  investigation,  that  different  sets  of  tertiary 
strata  immediately  superimposed  upon  each  other,  contain  distinct 
imbedded  species  of  fossils,  in  consequence  of  fluctuations  which  have 
been  going  on  in  the  animate  creation,  and  by  which  in  the  course  of 
ages  one  state  of  things  in  the  organic  world  has  been  substituted  for 
another  wholly  dissimilar.  It  has  also  been  shown  that  in  propor- 
tion as  the  age  of  a  tertiary  deposit  is  more  modern,  so  is  its  fauna 
more  analogous  to  that  now  in  being  in  the  neighbouring  seas.  It  is 
this  law  of  a  nearer  agreement  of  the  fossil  testacea  with  the  species 
now  living,  which  may  often  furnish  us  with  a  clue  for  the  chrono- 
logical arrangement  of  scattered  deposits,  where  we  cannot  avail  our- 
selves of  any  one  of  the  three  ordinary  chronological  tests ;  namely, 
superposition,  mineral  character,  and  the  specific  identity  of  the 
fossils. 
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Thus,  for  example,  on  the  African  border  of  the  Red  Sea,  at  the 
lioight  of  40  feet,  and  sometimes  more,  above  its  level,  a  white  calca- 
rooiiA  formation  has  been  observed,  containing  several  handred  species 
of  sliells  differing  from  those  found  in  the  clay  and  volcanic  tuff  of 
the  country  round  Naples,  and  of  the  contiguous  island  of  Ischia. 
Another  deposit  has  been  found  at  Uddevalla,  in  Sweden,  in  which 
the  shells  do  not  agree  with  those  found  near  Naples.  But  although 
in  these  three  cases  there  may  be  scarcely  a  single  shell  common  to 
the  three  different  deposits,  we  do  not  hesitate  to  refer  them  all  to 
one  period  (the  Post-Pliocene),  because  of  the  very  close  agreement 
of  the  fossil  species  in  every  instance  with  those  now  living  in  the 
contiguous  seas. 

To  take  another  example^  where  the  fossil  fauna  recedes  a  few 
steps  farther  back  from  our  own  times.     We  may  compare,  first,  the 
beds  of  loam  and  clay  bordering  the  Clyde  in  Scotland  (called  glacial 
by  some  geologists),  secondly,  others  of  fluvio-marine  origin  near 
Norwich,  and,  lastly,  a  third  set  often  rising  to  considerable  heights  in 
Sicily,  and  we  discover  that  in  every  case  more  than  three-fourths  of 
the  shells  agree  with  species  still  living,  while  the  remainder  are 
extinct.    Hence  we  may  conclude  that  all  these,  greatly  diversified  as 
are  their  organic  remains,  belong  to  one  and  the  same  era,  or  to  a 
period  immediately  antecedent  to  the  Post-Pliocene,  because  there 
has  been  time  in  each  of  the  areas  alluded  to  for  an  equal  or  nearly 
equal  amount  of  change  in  the  marine  testaceous  fauna.     Contempo- 
raneousness of  origin  is  inferred  in  these  cases,  in  spite  of  the  most 
marked  differences  of  mineral  character  or  organic  contents,  from  a 
similar  degree  of  divergence  in  the  shells  from  those  now  living  in  the 
adjoining  seas.     The  advantage  of  such  a  test  consists  in  supplying 
us  with  a  common  point  of  departure  in  all  countries,  however  remote. 
But  the  farther  we  recede  from  the  present  times,  and  the  smaller 
the  relative  number  of  recent  as  compared  with  extinct  species  in 
the  tertiary  deposits,  the  less  confidence  can  we  place  in  the  exact 
value  of  such  a  test,  especially  when  comparing  the  strata  of  very 
distant    r^ons ;    for  we   cannot  presume  that  the  rate  of  former 
alterations  in  the  animate  world,  or  the  continual  going  out  and 
coming  in  of  species,  has  been  every  where  exactly  equal  in  equal 
quantities  of  time.     The  form  of  the  land  and  sea,  and  the  climate^ 
may  have  changed  more  in  one  region  than  in  another  ;  and  conse- 
quently there  may  have  been  a  more  rapid  destruction  and  renova- 
tion of  species  in  one  part  of  the  globe  than  elsewhere.     Consider- 
ations of  this  kind  should  undoubtedly  put  us  on  our  guard  against 
relying  too  implicitly  on  the  accuracy  of  this  test ;  yet  it  can  never 
fail  to  throw  great  light  on  the  chronological  relations  of  tertiary 
groups  with  each  other,  and  with  the  Post-Pliocene  period. 

We  may  derive  a  conviction  of  this  truth  not  only  from  a  study  of 
geological  monuments  of  all  ages,  but  also  by  reflecting  on  the  ten- 
dency which  prevails  in  the  present  state  of  nature  to  a  uniform  rate 
of  simultaneous  fluctuation  in  the  flora  and  fauna  of  the  whole  globe. 
The  grounds  of  such  a  doctrine  cannot  be  discussed  here,  and  I 
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have  explained  them  at 'some  length  in  the  third  Book  of  the 
Principles  of  Geology,  where  the  causes  of  the  successive  extinction 
of  species  are  considered.  It  will  be  there  seen  that  each  local  change 
in  climate  and  physical  geography  is  attended  with  the  immediate 
increase  of  certain  species,  and  the  limitation  of  the  range  of  others. 
A  revolution  thus  effected  is  rarely^  if  ever,  confined  to  a  limited 
space,  or  to  one  geographical  province  of  animab  or  plants,  but 
affects  several  other  surrounding  and  contiguous  provinces.  In  each 
of  these,  moreover,  analogous  alterations  of  the  stations  and  habit- 
ations of  species  are  simultaneously  in  progress,  reacting  in  the 
manner  already  alluded  to  on  the  first  province.  Hence>  long  before 
the  geography  of  any  particular  district  can  be  essentially  altered, 
the  flora  and  fauna  throughout  the  world  will  have  been  materially 
modified  by  countless  disturbances  in  the  mutual  relation  of  the  various 
members  of  the  organic  creation  to  each  other.  To  assume  that  in 
one  large  area  inhabited  exclusively  by  a  single  assemblage  of  species 
any  important  revolution  in  physictd  geography  can  be  brought  about, 
while  other  areas  remain  stationary  in  regard  to  the  position  of  land 
and  sea,  the  height  of  mountains,  and  so  forth,  is  a  most  improbable 
hypothesis,  wholly  opposed  to  what  we  know  of  the  laws  now  governing 
the  aqueous  and  igneous  causes.  On  the  other  hand,  even  were  this 
conceivable,  the  communication  of  heat  and  cold  between  different 
parts  of  the  atmosphere  and  ocean  is  so  free  and  rapid,  that  the  tempe- 
rature of  certain  zones  cannot  be  materially  raised  or  lowered  without 
others  being  immediately  affected ;  and  the  elevation  or  diminution  in 
height  of  an  important  chain  of  mountains  or  the  submergence  of  a 
wide  tract  of  land  would  modify  the  climate  even  of  the  antipodes. 

It  will  be  observed  that  in  the  foregoing  allusions  to  organic  re- 
mains the  testacea  or  the  shell-bearing  mollusca  are  selected  as  the 
most  useful  and  convenient  class  for  the  purposes  of  general  classifi- 
cation. In  the  first  place,  they  are  more  universally  distributed 
through  strata  of  every  age  than  any  other  organic  bodies.  Those 
families  of  fossils  which  are  of  rare  and  casual  occurrence  are  abso- 
lutely of  no  avail  in  establishing  a  chronological  arrangement.  If  we 
have  plants  alone  in  one  group  of  strata  and  the  bones  of  mammalia 
in  another,  we  can  draw  no  conclusion  respecting  the  affinity  or  dis- 
cordance of  the  organic  beings  of  the  two  epochs  compared ;  and  the 
same  may  be  said  if  we  have  plants  and  vertebrated  animals  in  one 
series  and  only  shells  in  another.  Although  corals  are  more  abund- 
ant, in  a  fossil  state,  than  plants,  reptiles,  or  fish,  they  are  still  rare 
when  contrasted  with  shells,  especially  in  the  European  tertiary  for- 
mations. The  utility  of  the  testacea  is,  moreover,  enhanced  by  the 
circumstance  that  some  forms  are  proper  to  the  sea,  others  to  the 
land,  and  others  to  freshwater.  Rivers  scarcely  ever  fail  to  carry 
down  into  their  deltas  some  land  shells,  together  with  species  which 
arc  at  once  fiuviatile  and  lacustrine.  By  this  means  we  learn  what 
terrestrial,  freshwater,  and  marine  species  co-existed  at  particular 
eras  of  the  past;  and  having  thus  identified  strata  formed  in  seas 
with  others  which  originated  contemporaneously  in  inland  lakes,  we 
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nro  then  enabled  to  advance  a  step  farther,  and  show  that  certain 
quadrtipods  or  aquatic  plants,  found  fossil  in  lacustrine  formations, 
inhabitcil  the  globe  at  the  same  period  when  certain  fish,  reptiles,  and 
Boophytiw  lived  in  the  ocean. 

Among  otiior  characters  of  the  molluscous  animals,  which  render 
them  extnunely  valuable  in  settling  chronological  questions  in  geology, 
niAjr  l»o  mentioned,  first,  the  wide  geographical  range  of  many  species ; 
andi  fircondly,  what  is  probably  a  consequence  of  the  former,  the  great 
duration  of  species  in  this  class,  for  they  appear  to  have  surpassed  in 
longevity  the  greater  number  of  the  mammalia  and  fish.  Had  each 
upeeles  inhabit<Hl  a  very  limited  space,  it  could  never,  when  imbedded 
In  strata,  have  enabknl  the  geologist  to  identify  deposits  at  distant 
pointi*  I  or  had  they  each  lasteil  but  for  a  brief  period,  they  could 
have  thnmn  no  light  on  the  Cimnection  of  rocks  placed  far  from  each 
other  in  the  elm»nologteaK  or»  as  it  is  often  termed,  vertical  series. 

Many  atithom  have  divided  the  European  tertiary  strata  into 
thriM*  |tr^m|Hi — lower*  middle,  and  upper;  the  lower  comprising  the 
oldent  formations  of  IHtris  and  l^^don  before-mentioned  ;  the  middle 
th«v»e  of  lUmleaux  and  Touraine;  and  the  upper  all  those  newer 

than  the  n\iddle  gr\m|^ 

When  engoittHl  in  IH:J8  in  pre|»ari«g  my  work  on  the  Principles  of 
tJooh»Hy.  I  \HMUH»ived  tho  idea  of  dating  the  whole  series  of  tertiary 
Mirata  in  four  gr\»np«%  »i»d  endeavouring  to  find  characters  for  each, 
o^piHMiitivo  of  their  ditlerent  degrees  of  affinity  to  the  living  fauna. 
With  thin  view,  I  obtained  information  respecting  the  specific  iden- 
tity of  many  tertiary  and  recent  shells  from  several  Italian  naturalists, 
and  among  others  from  Professors  Bonelli,  Guidotti,  and  Costa. 
Having  in  1829  become  acquainted  with  M.  Deshayes,  of  Paris, 
already  well  known  by  his  conchol(^cal  works,  I  learnt  from  him 
that  ho  had  arrived,  by  independent  researches,  and  by  the  study  of  a 
largo  collection  of  fossil  and  recent  shells,  at  very  similar  views  re- 
specting the  arrangement  of  tertiary  formations.  At  my  request  he 
drew  up,  in  a  tabular  form,  lists  of  all  the  shells  known  to  him  to 
occur  both  in  some  tertiary  formation  and  in  a  living  state,  for  the 
express  purpose  of  ascertaining  the  proportional  number  of  fossil 
species  identical  with  the  recent  which  characterized  successive 
groups ;  and  this  table,  planned  by  us  in  common,  was  published  by 
me  in  1833.*  The  number  of  tertiary  fossil  shells  examined  by 
I^L  Deshayes  was  about  3000 ;  and  the  recent  species  with  which 
they  had  been  compared  about  5000.  The  result  then  arrived  at 
was,  that  in  the  lower  tertiary  strata,  or  those  of  London  and  Paris^ 
there  were  about  3}  per  cent,  of  species  identical  with  recent ;  in  the 
middle  tertiary  of  the  Loire  and  Gironde  about  17  per  cent.  ;  and  in 
the  upper  tertiary  or  Subapennine  beds,  from  35  to  50  per  cent.  In 
formations  still  more  modem,  some  of  which  I  had  particularly 
studied  in  Sicily,  where  they  attain  a  vast  thickness  and  elevation 
above  the  sea,  the  number  of  species  identical  with  those  now  living 

*  See  Frinc.  of  GeoL  voL  uL,  1st  ed. 
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was  believed  to  be  from  90  to  95  per  cent.  For  the  sake  of  clearness 
and  brevity,  I  proposed  to  give  short  technical  names  to  these  four 
groups,  or  the  periods  to  which  thej  respectively  belonged.  I 
called  the  first  or  oldest  of  them  Eocene,  the  second  Miocene,  the 
third  Older  Pliocene,  and  the  last  or  fourth  Newer  Pliocene.  The 
first  of  the  above  terms.  Eocene,  is  derived  from  rftac,  eos,  ciatm,  and 
jcatKoc,  cainos,  recent^  because  the  fossil  shells  of  this  period  contain 
an  extremely  small  proportion  of  living  species,  which  may  be  looked 
upon  as  indicating  the  dawn  of  the  existing  state  of  the  testaceous 
fauna,  no  recent  species  having  been  detected  in  the  older  or  secon- 
dary rocks. 

The  term  Miocene  (from  utiov^  meion,  lesSy  and  KaivoQ^  cainos, 
recenty)  is  intended  to  express  a  minor  proportion  of  recent  species 
(of  testacea),  the  term  Pliocene  (from  irXccov,  pleion,  tnorey  and  Kaivo^, 
cainos,  recenty)  a  comparative  plurality  of  the  same.  It  may  assist 
the  memory  of  students  to  remind  them,  that  the  ilftbcene  contain  a 
miuoT  proportion,  and  /Eocene  a  comparative  /i/urality  of  recent 
species ;  and  that  the  greater  number  of  recent  species  always  implies 
the  more  modern  origin  of  the  strata. 

It  has  sometimes  been  objected  to  this  nomenclature  that  certain 
species  of  infusoria  found  in  the  chalk  are  still  existing,  and,  on  the 
other  hand,  the  Miocene  and  Older  Pliocene  deposits  often  contain  the 
remains  of  mammalia,  reptiles,  and  fish,  exclusively  of  extinct  species. 
But  the  reader  must  bear  in  mind  that  the  terms  Eocene,  Miocene, 
and  Pliocene  were  originally  invented  with  reference  purely  to  con- 
chological  data,  and  in  that  sense  have  always  been  and  are  still  used 
by  me. 

The  distribution  of  the  fossil  species  from  which  the  results  before 
mentioned  were  obtained  in  1830  by  M.  Deshayes  was  as  follows :  — 

In  the  formations  of  the  Pliocene  periods,  older  and  newer     -      777 
In  the  Miocene         ------     io21 

In-the  Eocene  ------    1238 


3036 


Since  the  year  1830  the  progress  of  conchological  science  has  been 
most  rapid,  and  the  number  of  living  species  obtained  from  different 
parts  of  the  globe  has  been  raised  from  about  5000  to  more  than 
10,000.  New  fossil  species  have  also  been  added  to  our  collections  in 
great  abundance ;  and  at  the  same  time  a  more  copious  supply  of  in- 
dividuals both  of  fossil  and  recent  species,  some  of  which  were  pre- 
viously very  rare,  have  been  procured,  affording  more  ample  data 
for  determining  the  specific  character.  Besides  the  reforms  intro- 
duced in  consequence  of  these  new  zoological  facilities,  other  errors 
of  a  geological  nature  have  been  in  many  instances  removed. 

POST-PUOCENE  FOKMATIONS. 

I  have  adopted  the  term  Post-Pliocene  for  those  strata  which  are 
sometimes  called  post-tertiary  or  modern,  and  which  are  characterized 
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by  having  all  the  imbedded  fossil  shells  identical  with  species  now 
living,  whereas  even  the  Newer  Pliocene,  or  newest  of  the  tertiary 
deposits  above^  alluded  to,  contain  always  some  small  proportion  of 
shells  of  extinct  species. 

These  modern  formations,  thus  defined,  comprehend  not  only  those 
strata  which  can  be  shown  to  have  originated  since  the  earth  was 
inhabited  by  man,  but  also  deposits  of  far  greater  extent  and 
thickness,  in  which  no  signs  of  man  or  his  works  can  be  detected. 
In  some  of  these,  of  a  date  long  anterior  to  the  times  of  history  and 
tradition,  the  bones  of  extinct  quadrupeds  have  been  met  with  of 
species  which  probably  never  co-existed  with  the  human  race,  as,  for 
example,  the  mammoth,  mastodon,  megatherium,  and  others,  and  yet 
the  shells  are  the  same  as  those  now  living. 

Tiiat  portion  of  the  post-pliocene  group  which  belongs  to  the 
human  epoch,  and  which  is  sometimes  called  Recent^  forms  a  very 
unimportant  feature  in  the  geological  structure  of  the  earth's  crust. 
I  have  shown,  however,  in  "  The  Principles,"  where  the  recent 
changes  of  the  earth  illustrative  of  geology  are  described  at  length, 
that  the  deposits  accumulated  at  the  bottom  of  lakes  and  seas  within 
the  last  4000  or  5000  years  can  neither  be  insignificant  in  volume  or 
extent.  They  lie  hidden,  for  the  most  part,  from  our  sight ;  but  we 
have  opportunities  of  examining  them  at  certain  points  where  newly- 
gained  land  in  the  deltas  of  rivers  has  been  cut  through  during 
floods,  or  where  coral  reefs  are  growing  rapidly,  or  where  the  bed  of 
a  sea  or  lake  has  been  heaved  up  by  subterranean  movements  and 
laid  dry.  Their  age  may  be  recognized  either  by  our  finding  in 
them  the  bones  of  man  in  a  fossil  state,  that  is  to  say,  imbedded  in 
them  by  natural  causes,  or  by  their  containing  articles  fabricated  by 
the  hands  of  man. 

Thus  at  Puzzuoli,  near  Naples,  marine  strata  are  seen  containing 
fragments  of  sculpture,  pottery,  and  the  remains  of  buildings,  together 
with  innumerable  shells  retaining  in  part  their  colour,  and  of  the 
same  species  as  those  now  inhabiting  the  Bay  of  Baise.  The 
uppermost  of  these  beds  is  about  20  feet  above  the  level  of  the 
sea.  Tlieir  emergence  can  be  proved  to  have  taken  place  since  the 
beginning  of  the  sixteenth  century.*  Now  here,  as  in  almost  every 
instance  where  any  alterations  of  level  have  been  going  on  in 
historical  periods,  it  is  found  that  rocks  containing  shells,  all,  or 
nearly  all,  of  which  still  inhabit  the  neighbouring  sea,  may  be  traced 
for  some  distance  into  the  interior,  and  often  to  a  considerable 
elevation  above  the  level  of  the  sea.  Thus,  in  the  country  round 
Naples,  the  post-pliocene  strata,  consisting  of  clay  and  horizontal 
beds  of  volcanic  tuff,  rise  at  certain  points  to  the  height  of  1500  feet. 
Although  the  marine  shells  are  exclusively  of  living  species,  they  are 
not  accompanied  like  those  on  the  coast  at  Puzzuoli  by  any  traces  of 
man  or  his  works.  Had  any  such  been  discovered,  it  would  have 
afforded  to  the  antiquary  and  geologist  matter  of  great  surprise, 
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since  it  would  have  shown  that  man  was  an  inhabitant  of  that  part 
of  the  globe,  while  the  materials  composing  the  present  hills  and 
pkins  of  Campania  were  still  in  the  progress  of  deposition  at  the 
bottom  of  the  sea ;  whereas  we  know  that  for  nearly  dOOO  years,  or 
from  the  times  of  the  earliest  Greek  colonists,  no  material  revolution 
in  the  physical  geography  of  that  part  of  Italy  has  occurred. 

In  Ischia,  a  small  island  near  Naples,  composed  in  like  manner  of 
marine  and  volcanic  formations,  Dr.  Philippi  collected  in  the  strati* 
fied  tuff  and  clay  ninety-two  species  of  shells  of  existing  species.  In 
the  centre  of  Ischia,  the  lofty  hill  called  Epomeo,  or  San  Nicola,  is 
composed  of  greenish  indurated  tuff,  of  a  prodigious  thickness,  inter- 
stratified  in  some  parts  with  marl,  and  here  and  there  with  great 
beds  of  solid  lava.  Visconti  ascertained  by  trigonometrical  measure- 
ment that  this  mountain  was  2605  feet  above  the  level  of  the  sea. 
Not  far  from  its  summit,  at  the  height  of  about  2000  feet,  as  also 
near  Moropano,  a  village  only  100  feet  lower,  on  the  southern 
declivity  of  the  mountain,  I  collected,  in  1828,  many  shells  of  species 
now  inhabiting  the  neighbouring  gulf.  It  is  dear,  therefore,  that  the 
great  mass  of  Epomeo  was  not  only  raised  to  its  present  height,  but 
was  2Xw)  formed  beneath  the  waters,  within  the  Post-Pliocene  period. 

It  is  a  fact,  however,  of  no  small  interest,  that  the  fossil  shells  from 
these  modern  tuffs  of  the  volcanic  region  surrounding  the  Bay  of 
Baiae,  although  none  of  them  extinct,  indicate  a  slight  want  of  corre- 
spondence between  the  ancient  fauna  and  that  now  inhabiting  tj^e 
Mediterranean.  Philippi  informs  us  that  when  he  and  M.  Scacchi  had 
collected  ninety-nine  species  of  them,  he  found  that  only  one,  Pecten 
mediuSy  now  living  in  the  Red  Sea,  was  absent  from  the  Mediter- 
ranean. Notwithstanding  this,  he  adds,  ''  the  condition  of  the  sea 
when  the  tufaceous  beds  were  deposited  must  have  been  considerably 
different  from  its  present  state;  for  Tellina  striata  was  then  common, 
and  is  now  rare ;  Ludna  spinosa  was  both  more  abundant  and  grew 
to  a  larger  size ;  Lucina  fragiUsy  now  rare,  and  hardly  measuring 
6  lines,  then  attained  the  enormous  dimensions  of  14  lines,  and 
was  extremely  abundant ;  and  Ostrea  lamellosOy  Broc.,  no  longer  met 
with  near  Naples,  existed  at  that  time,  and  attained  a  size  so  large 
that  one  lower  valve  has  been  known  to  measure  5  inches  9  lines 
in  length,  4  inches  in  breadth,  1^  inch  in  thickness,  and  weighed 
26i  ounces."  • 

There  are  other  parts  of  Europe  where  no  volcanic  action  manifests 
itself  at  the  surface,  as  at  Naples,  whether  by  the  eruption  of  lava 
or  by  earthquakes,  and  yet  where  the  land  and  bed  of  the  adjoining 
sea  are  undergoing  upheaval.  The  motion  is  so  gradual  as  to  be  insen- 
sible to  the  inhabitants,  being  only  ascertainable  by  careful  scientific 
measurements  compared  after  long  intervals.  Such  an  upward  move- 
ment has  been  proved  to  be  in  progress  in  Norway  and  Sweden 
throughout  an  area  about  1000  miles  N.  and  S.,  and  for  an  unknown 
distance  £.  and  W.,  the  amount  of  elevation  always  increasing  as  we 
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proceed  towards  the  North  Cape,  where  it  maj  equal  5  feet  in  a 
centurj.  If  we  could  assume  that  there  had  been  an  aTerage  rise  of 
2^  feet  in  each  hundred  years  for  the  last  fifty  centuries,  this  would 
give  an  elevation  of  125  feet  in  that  period.  In  other  words,  it  would 
follow  that  the  shores,  and  a  considerable  area  of  the  former  bed  of 
the  Baltic  and  North  Sea,  had  been  uplifted  Terticallj  to  that  amount, 
and  converted  into  Innd  in  the  course  of  the  last  5000  years.  Ac- 
cordingly, we  find  near  Stockholm  in  Sweden  horizontal  beds  of 
sand,  loam,  and  marl  containing  the  same  peculiar  assemblage  of 
testacca  which  now  live  in  the  brackish  waters  of  the  Baltic.  Mingled 
with  these,  at  different  depths,  have  been  detected  various  wcri^s  of 
art  implying  a  rude  state  of  civilization,  and  some  vessels  built  before 
the  introduction  of  iron,  the  whole  marine  formation  having  been 
upraised,  so  that  the  upper  beds  are  now  60  feet  higher  than  the 
surface  of  tlio  Baltic.  In  the  neighbourhood  of  these  recent  strata, 
both  to  the  north-west  and  south  of  Stockholm,  other  deposits  similar 
in  mineral  composition  occur,  which  ascend  to  greater  heights,  in 
which  precisely  the  same  assemblage  of  fossil  shells  is  met  with,  but 
without  any  intermixture  of  human  bones  or  fabricated  articles. 

On  the  opposite  or  western  coast  of  Sweden,  at  Uddevalla,  post- 
pliocene  strata,  containing  recent  shells,  not  of  that  brackish  water 
rharacter  peculiar  to  the  Baltic,  but  such  as  now  live-In  the  northern 
tttn'uUf  aKcend  to  the  height  of  200  feet ;  and  beds  of  clay  and  sand  of 
the  naunt  age  attain  elevations  of  300  and  even  700  feet  in  Norway, 
wlnfn;  they  have  been  usually  described  as  "  raised  beaches.**  They 
are,  however,  thick  deposits  of  submarine  origin,  spreading  far  and 
wide,  and  filling  valleys  in  the  granite  and  gneiss,  just  as  the  tertiair 
formations,  in  different  parts  of  Europe,  cover  or  fill  depressions  in 
the  older  rocks. 

It  is  worthy  of  remark,  that  although  the  fossil  fmuna  chaiao- 
terizing  tliese  upraised  sands  and  clays  consists  exclusively  of  ex* 
isting  northern  species  of  testacea,  yet,  according  to  Lov^n  (an  able 
living  naturalist  of  Norway),  the  species  do  not  constitute  such  an 
assemblage  as  now  inhabits  corresponding  latitudes  in  the  German 
Ocean.  On  the  contrary,  they  decidedly  represent  a  more  arctic 
fauna.*  In  order  to  find  the  same  species  flourishing  in  equal  abun* 
dance,  or  in  many  cases  to  find  them  at  all,  we  must  go  northwards 
to  higher  latitudes  than  Uddevalla  in  Sweden,  or  even  nearer  the 
pole  than  Central  Norway. 

Judging  by  the  uniformity  of  climate  now  prevailing  from  century 
to  century,  and  the  insensible  rate  of  variation  in  the  organic  world  in 
our  own  times,  we  may  presume  that  an  extremely  lengthened  period 
was  required  even  forsosliglit  a  modification  of  the  moUuscous  fauna, 
as  that  of  which  the  evidence  is  here  brought  to  light.  On  the  other 
hand,  we  have  every  reason  for  inferring  on  independent  grounds 
(namely,  the  rate  of  upheaval  of  land  in  modern  times)  that  the 
antiquity  of  the  deposits  in  question  must  be  very  great.     For  if 
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we  assume,  as  before  saggested,  that  the  mean  rate  of  continuous 
vertical  elevation  has  amounted  to  2^  feet  in  a  century  (and  this  is 
probably  a  high  average),  it  would  require  27,500  years  for  the  sea- 
coast  to  attain  the  height  of  700  feet,  without  making  allowance  for 
any  pauses  such  as  are  now  experienced  in  a  large  part  of  Norway, 
or  for  any  oscillations  of  leveL 

In  England,  buried  ships  have  been  found  in  the  ancient  and  now 
deserted  channels  of  the  Bother  in  Sussex,  of  the  Mersey  in  Kent, 
and  the  Thames  near  London.  Canoes  and  stone-hatchets  have  been 
dug  up,  in  almost  all  parts  of  the  kingdom,  from  peat  and  shell-marl ; 
but  there  is  no  evidence,  as  in  Sweden,  Italy,  and  many  other  parts 
of  the  world,  of  the  bed  of  the  sea,  and  the  adjoining  coast,  having 
been  uplifted  bodily  to  considerable  heights  within  the  human  period. 
Recent  strata  have  been  traced  along  the  coasts  of  Peru  and  Chili, 
inclosing  shells  in  abundance,  all  agreeing  specifically  with  those  now 
swarming  in  the  Pacific  In  one  bed  of  this  kind,  in  the  island  of 
San  Lorenzo,  near  Lima,  Mr.  Darwin  found,  at  the  altitude  of  85 
feet  above  the  sea,  pieces  of  cotton -thread,  plaited  rush,  and  the 
head  of  a  stalk  of  Indian  com,  the  whole  of  which  had  evidently 
been  imbedded  with  the  shells.  At  the  same  height  on  the  neigh- 
bouring mainland,  he  found  other  signs  corroborating  the  opinion 
that  the  ancient  bed  of  the  sea  had  there  also  been  uplifted  85  feet, 
since  the  region  was  first  peopled  by  the  Peruvian  race.*  But 
similar  shelly  masses  are  also  met  with  at  much  higher  elevations,  at 
innumerable  points  between  the  Chilian  and  Peruvian  Andes  and 
the  sea-coast,  in  which  no  human  remains  were  ever,  or  in  all  pro- 
bability ever  will  be,  discovered. 

In  the  West  Indies,  also,  in  the  island  of  Guadaloupe,  a  solid  lime- 
stone occurs,  at  the  level  of  the  sea-beach,  enveloping  human  skele- 
tons. The  stone  is  extremely  hard,  and  chiefly  composed  of  com- 
minuted shell  and  coral,  with  here  and  there  some  entire  corals  and 
shells,  of  species  now  living  in  the  adjacent  ocean.  With  them  are 
included  arrow-heads,  fragments  of  pottery,  and  other  articles  of 
human  workmanship.  A  limestone  with  similar  contents  has  been 
formed,  and  is  still  forming,  in  St  Domingo.  But  there  are  also 
more  ancient  rocks  in  the  West  Indian  Archipelago,  as  in  Cuba,  near 
the  Havanna,  and  in  other  islands,  in  which  are  shells  identical  with 
those  now  living  in  corresponding  latitudes ;  some  well-preserved, 
others  in  the  state  of  casts,  all  referable  to  the  post-pliocene  period. 

I  have  already  described  in  the  seventh  chapter,  p.  84.,  what  would 
be  the  efiects  of  oscillations  and  changes  of  level  in  any  region  drained 
by  a  great  river  and  its  tributaries,  supposing  the  area  to  be  first 
depressed  several  hundred  feet,  and  then  re-elevated.  I  believe  that 
such  changes  in  the  relative  level  of  land  and  sea  have  actually  oc- 
curred in  the  post-pliocene  era  in  the  hydrographical  basin  of  the 
Mississippi  and  in  that  of  the  Rhine.  The  accumulation  of  fluviatile 
matter  in  a  delta  during  a  slow  subsidence  may  raise  the  newly 
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thousands  of  years  to  the  existing  delta,  the  origin  of  which  is  never- 
theless an  event  of  yesterday  when  contrasted  with  those  terraces, 
c,  and  de^  fig.  106,  formed  of  the  loam  No.  2.  above  mentioned.  These 
materiab  of  the  blufis  a  and  <f,  were  produced,  the  reader  will  observe, 
during  the  first  part  of  that  great  oscillation  of  level  which  depressed 
to  a  depth  of  200  feet  a  larger  area  than  the  modem  delta  and  plain 
of  the  Mississippi,  and  then  restored  the  region  to  its  former  position.* 

Loess  of  the  Valley  of  the  Rhine* — A  similar  succession  of  geo- 
graphical changes,  attended  by  the  production  of  a  fluviatile  formation, 
singularly  resembling  that  which  bounds  the  great  plain  of  the 
Mississippi,  seems  to  have  occurred  in  the  hydrographical  basin  of  the 
Khine,  since  the  time  when  that  basin  had  already  acquired  its  present 
outline  of  hill  and  valley.  I  allude  to  the  deposit  provincially  termed 
loess  in  part  of  Germany,  or  lehm  in  Alsace,  filled  with  land  and 
freshwater  shells  of  existing  species.  It  is  a  finely  comminuted  sand  or 
pulverulent  loam  of  a  yellowisji  grey  colour,  consisting  chiefly  of  argil- 
laceous matter  combined  with  a  sixth  part  of  carbonate  of  lime,  and  a 
sixth  of  quartzose  and  micaceous  sand.  It  often  contains  calcareous 
sandy  concretions  or  nodules,  rarely  exceeding  the  size  of  a  man's 
head.  Its  entire  thickness  amounts,  in  some  places,  to  between  200 
and  300  feet ;  yet  there  are  of^en  no  signs  of  stratification  in  the 
mass,  except  here  and  there  at  the  bottom,  where  there  is  occasionally 
a  slight  intermixture  of  drifted  materials  derived  from  subjacent  rocks. 
Unsolidified  as  it  is,  and  of  so  perishable  a  nature,  that  every  stream- 
let flowing  over  it  cuts  out  for  itself  a  deep  gully,  it  usually  terminates 
in  a  vertical  clifi^,  from  the  surface  of  which  land  shells  are  seen  here 
and  there  to  project  in  relief.  In  aU  these  features  it  presents  a 
precise  counterpart  to  the  loess  of  the  Mississippi.  It  is  so  homo- 
geneous as  generally  to  exhibit  no  signs  of  stratification,  owing,  pro- 
bably, to  its  materials  having  been  derived  from  a  common  source, 
and  having  been  accumulated  by  a  uniform  action.  Yet  it  displays 
in  some  few  places  decided  marks  of  successive  deposition,  where 
coarser  and  finer  materials  alternate,  especially  near  the  bottom. 
Calcareous  concretions,  also  enclosing  land-shells,  are  sometimes  ar- 
ranged in  horizontal  layers.  It  is  a  remarkable  deposit,  from  its 
position,  wide  extent,  and  thickness,  its  homogeneous  mineral  com- 
position, and  freshwater  origin.  Its  distribution  clearly  shows 
that  after  the  great  valley  of  the  Rhine,  from  Schafi'hausen  to  Bonn, 
had  acquired  its  present  form,  having  its  bottom  strewed  over  with 
coarse  gravel,  a  period  arrived  when  it  became  filled  up  from  side  to 
side  with  fine  mud,  which  was  also  poured  from  the  Rhine  into  the 
valleys  of  its  principal  tributaries. 

Thus,  for  example,  it  may  be  traced  far  into  Wiirtemberg,  up  the 
valley  of  the  Neckar,  and  from  Frankfort,  up  the  valley  of  the  Main, 
to  above  Dettelbach.  I  have  also  seen  it  spreading  over  the  country  of 
Mayence,  Eppelsheim,  and  Worms,  on  the  left  bank  of  the  Rhine, 
and  on  the  opposite  side  on  the  table-land  above  the  Bergstrasse,  be- 
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kave  lionid  ami  ir  iiilrTT  jl  ttiiwvsnt  inm.  -tut  iir  la  &  ordrvtr  i»n-tT« 
lurmeti  at*  mh!^ 

But*  in.  zsntffiL  "Jut  jw*b  t^^its  iiL  im  -vucsnu;  ifTBrnrsft  fn!«i. 
thoiie  henr>f«iL  'Siwrj^  uui  3*iiux..  -r'uitn.  Jir*^  lie  mnc  -muttdrn 
atfp«H:t  ^  iBit  i&  aiu  ilLett  in  jl  lan  ^ut  cukt  if  "tie  IkMUsritsi^  JO. 
excintrc  TulLT:mt}  aisar  BtimL.  In  l^I  l  'w*t!l  -wtia  BmiK  c  Im  Mtfm: 
ot'  thuj  *ana3r-  dirrjiuri  "'J  iaff  ie  jwtsas-  Ji  lar:  if  -voucl  iPF-it  "iw 
mmil  calcjirffoiui  ^auu!r»c'iinHw 

Tlui  iafcar^mriifmriiin  iiiiiw%  uIiutKft  11.  if  !ki«B»  -vim.  !kmzs  i£ 
pumu*t%  and  volt!aniit  uHirtJt.  jiiui  >*A  n\  lut  ininiiuL  'lioc  Itnti.  anrni^ 
juifl  iitk*!^  iG  iiff^fviirjr.a  «i\in«»  \f  iu^  jmt  -'■uraniR  •snnitiiiiif'  of  :iitt 
Lower  Rif(»i  ha?-^  'uic-^n  v<u*a.      fiinnut  avJL  ^  *nniduiBiiK  !«  monmsiE. 

i»mpcU*nJC    Tai**  ^jwrt\n^  yuitii  'iuw.»jJ^c»,  fAWTT'tf  li'^eafMumsngE^r 

jtw^i't^A  ^7  *:v%:  AMUum:  1/  «tA*«  <mi  >9t.  uui  in^-joie  m  x  cme  le^stt 
tWt^tn^^  t^  tiiJU7  f2uur>f(  uv  «x;i  >>»»(.  xurr  love  mm  sv^y^m 

7/^  i'^'t  A^rst,  v^v^.t  iuM  ^^^HfT^  **,  TBi0j^  e^Mfe^iitR.  sAcT  ex- 
*M>frvr^  fJ9¥^,  i//«09<t  S^.^tr^cu  Hxj*Xi4K^,  tJk/i  BcLfut.  u.  to  Ji^ir*^  d»t  m 
|f/4{ik#  >^4r^  ''yf*^>.  «rxb!f^^S^  t^.ryr»^Af  tL'k  Yfti^rr  of  tie  Rhine  lKf«n 
ih^^m^  f'»f,  f^^^AJi,  hm^  %  Wx^  MAj  hxrt  test  off  hr^  bruicbes  «p 
IM  ^^nfM^  *A  %'9i^.  Mufttff  S^:fk^ff  wl  <4L^  tribotarj  tbUcjs^  in  aD  o(f 
mhM*  Urf(^*i  pmiU.h^A  *i  l/^«4  %rH  wrm  1^0x11.  The  burier  of  tlie 
Uk^,  Mt^hi  }f*i  p\st^^  ^Mt*^\»*:rt  ID  ib^  naiTow  and  picturesque 
^//f  jr«i  //f  0#^  lihirKr  ff*iiw*:^itt  i^ing^m  and  Bono.  Bat  this  theanr  fidls 
kiUff(H^9^  Ut  ^%\9\u\u  f\$*:  pk^;n//m^ma;  when  we  discoTer  that  that 
f^//f^<',  ^tv^lf  b*A  /ifii^.  U:«^j  fill^  with  loeat,  which  most  hare  been 
Ufihf^tMy  d^i^^'M^I  in  it,  an  aln^/  in  tlie  lateral  vallej  of  the  Lahn, 
HffftthuuU'MUtyi^  miih  tli«;  ^or((^.  The  loess  has  also  overspread  the 
hit^U  mijtf^u'tutc  \t\iiii'orut  n^r  the  village  of  Plaidt  above  Andemaclu 
N'a/,  im  ifV9fm4inf(  fartlK;r  down  to  the  norths  we  discover  that  the 
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hills  which  skirt  the  great  valley  between  Bonn  and  Cologne  have 
loess  on  their  flanks,  which  also  covers  here  and  there  the  gravel  of 
the  plain  as  far  as  Cologne,  and  the  nearest  rising  grounds. 

Besides  these  objections  to  the  lake  theory,  the  loess  is  met  with 
near  Basle,  capping  hills  more  than  1200  feet  above  the  sea:  so  that 
a  barrier  of  land  capable  of  separating  the  supposed  lake  from  the 
ocean  would  require  to  be,  at  least,  as  high  as  the  mountuns  called 
the  Siebengebirge,  near  Bonn,  the  loftiest  summit  of  which,  the 
Oehlberg,  is  1209  feet  above  the  Rhine  and  1369  feet  above  the  sea. 
It  would  be  necessary,  moreover,  to  place  this  lofty  ban-ier  some- 
where below  Cologne,  or  precisely  where  the  level  of  the  land  is  now 
lowest. 

Instead,  therefore,  of  supposing  one  continuous  lake  of  sufficient 
extent  and  depth  to  allow  of  the  simultaneous  accumulation  of  the 
loess,  at  various  heights,  throughout  the  whole  area  where  it  now 
occurs,  I  formerly  suggested  that,  subsequently  to  the  period  when 
the  countries  now  drained  by  the  Rhine  and  its  tributaries  had 
nearly  acquired  their  actual  form  and  geographical  features,  they 
were  again  depressed  gradually  by  a  movement  like  that  now  in 
progress  on  the  west  coast  of  Greenland.*  In  proportion  as  the 
whole  district  was  lowered,  the  general  fall  of  the  waters  between 
the  Alps  and  the  ocean  was  lessened ;  and  both  the  main  and  lateral 
valleys,  becoming  more  subject  to  river  inundations,  were  partially 
filled  up  with  fluviatile  silt,  containing  land  and  freshwater  shells. 
When  a  thickness  of  many  hundred  feet  of  loess  had  been  thrown 
down  slowly  by  this  operation,  the  whole  region  was  once  more 
upheaved  gradually.  During  this  upward  movement  most  of  the 
fine  loam  would  be  carried  off  by  the  denuding  power  of  rains  and 
rivers ;  and  thus  the  original  valleys  might  have  been  re-excavated, 
and  the  country  almost  restored  to  its  pristine  state,  with  the 
exception  of  some  masses  and  patches  of  loess  such  as  still  remain, 
and  which,  by  their  frequency  and  remarkable  homogeneousness  of 
composition  and  fossils,  attest  the  ancient  continuity  and  common 
origin  of  the  whole.  By  imagining  these  oscillations  of  level,  we 
dispense  with  the  necessity  of  erecting  and  afterwards  removing  a 
mountain  barrier  sufficiently  high  to  exclude  the  ocean  from  the  val- 
ley of  the  Rhine  during  the  period  of  the  accumulation  of  the  loess. 

The  proportion  of  land  shells  of  the  genera  Helix,  Pupa,  and 
BulimuSf  is  very  large  in  the  loess;  but  in  many  places  aquatic 
species  of  the  genera  Lt/mnea,  Paludina,  and  Planorbis  are  also  found. 
These  may  have  been  carried  away  during  floods  from  shallow  pools 
and  marshes  bordering  the  river ;  and  the  great  extent  of  marshy 
ground  caused  by  the  wide  overflowings  of  rivers  above  supposed 
would  favour  the  multiplication  of  amphibious  mollusks,  such  as  the 
Succinea  (fig.  107.),  which  is  almost  everywhere  characteristic  of 
this  formation,  and  is  sometimes  accompanied,  as  near  Bonn,  by 
another  species,  S,  amphibia  (fig.  34.  p.  29.).   Among  other  abundant 

*  Princ  of  GeoL  9d  edition,  1834,  vol  ill  p.  414. 
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G*.l  Sue.  So,»i  p.  S*a. 
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CHAPTER  XL 

NEWER  PLIOCENE  PEEIOD.  —  BOULDER  FORMATION. 

Drifl  of  Scandinavia,  northern  Qermanj,  and  Russia — Its  northern  origin — Not  all 
of  the  same  age — Fundamental  rocks  polished,  grooved,  and  scratched  — ^.ction 
of  glaciers  and  icebergs — Fossil  shells  of  glacial  period — Drift  of  eastern  Nor- 
folk— Associated  freshwater  deposit — Bent  and  folded  strata  lying  on  undisturbed 
beds — Shells  on  Mod  Tryfane — Ancient  glaciers  of  North  Wales — Irish  drift. 

Among  the  different  kinds  of  alluvium  described  in  the  seventh  chapter, 
mention  was  made  of  the  bonlder  formation  in  the  north  of  Europe, 
the  peculiar  characters  of  which  may  now  be  considered,  as  it  belongs 
in  part  to  the  post-pliocene,  and  partlj  to  the  newer  pliocene,  period. 
I  shall  first  allude  briefly  to  that  portion  of  it  which  extends  from 
Finland  and  the  Scandinavian  mountains  to  the  north  of  Russia,  and 
the  low  countries  bordering  the  Baltic,  and  which  has  been  traced 
southwards  as  far  as  the  eastern  coast  of  England.  This  formation 
consists  of  mud,  sand,  and  claj,  sometimes  stratified,  bnt  often  wholly 
devoid  of  stratification,  for  a  depth  of  more  than  a  hundred  feet 
To  this  unstratified  form  of  the  deposit,  the  name  of  HU  has  been 
applied  in  Scotland.  It  generally  contains  numerous  fragments  of 
rocks,  some  angular  and  others  rounded,  which  have  been  derived 
from  formations  of  all  ages,  both  fossiliferous,  volcanic,  and  hypo- 
gene,  and  which  have  often  been  brought  from  great  distances. 
Some  of  the  travelled  blocks  are  of  enormous  size,  several  feet  or 
yards  in  diameter ;  their  average  dimensions  increasing  as  we  advance 
northwards.  The  till  is  almost  everywhere  devoid  of  organic  re- 
mains, unless  where  these  have  been  washed  into  it  from  older 
formations ;  so  that  it  is  chiefly  from  relative  position  that  we  must 
hope  to  derive  a  knowledge  of  its  age. 

Although  a  large  proportion  of  the  boulder  deposit,  or  *'  northern 
drift,"  as  it  has  sometimes  been  called,  is  made  up  of  fragments 
brought  from  a  distance,  and  which  have  sometimes  travelled  many 
hundred  miles,  the  bulk  of  the  mass  in  each  locality  consists  of  the 
ruins  of  subjacent  or  neighbouring  rocks ;  so  that  it  is  red  in  a  region 
of  red  sandstone,  white  in  a  chalk  country,  and  grey  or  black  in  a 
district  of  coal  and  coal-shale. 

The  fundamental  rock  on  which  the  boulder  formation  reposes,  if 
it  consist  of  granite,  gneiss,  marble,  or  other  hard  stone  capable  of 
permanently  retaining  any  superficial  markings  which  may  have 
been  imprinted  upon  it,  is  smoothed  or  polished,  and  usually  exhibits 
parallel  striss  and  furrows  having  a  determinate  direction.  This 
direction,  both  in  Europe  and  North  America,  is  evidently  connected 
with  the  course  taken  by  the  erratic  blocks  in  the  same  district  being 
north  or  south,  or  20  or  30  degrees  to  the  east  or  west  of  north, 
according  as  the  large  angular  and  rounded  stones  have  travelled. 
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'IVse  etoncs  iheroMlvw  «Uo  mm  often  ftirrowed  and  Bcntdted  on 
nuirc  llian  oin?  sulo. 

In  txpUuwtion  of  such  phenomen*  I  ni«T  refer  the  Etodent  to  what 
wa*  Mia  wf  the  aoiion  of  gUoiera  and  iceberg  in  the  Frindples  of 
l5wU«v.»  li  is  aiivrt«n«l  that  hard  Etonea,  frauii  into  a  moving 
muss  of  i<*.  ami  iiuihiJ  along  nnder  the  pressure  of  that  mau,  scoop 
i.»t  U«w  nvlilinoar  fuFW-s  <*  gTwves  paralkl  to  eadi  other  on  tha 
(Hlyamil  MU  rvx-k.   ,.S«  fig- HO.'     Smaller  «r»U:be*  and  «Ti«  ara 


iHiiilc  on  the  pulished  Enriace  br  citss»!j  cr  piv^wtin^  («lp»  of  tho 
hni'iK'i)!  minerals-  just  as  a  diamosi  cau  clasifL  The  nxvat  polishing 
tiiul  utrialion  of  lime^ione  by  coaft-ioe  rtrTTing  K>nlden  eren  as  far 
Mitiith  M  tl>^  coast  of  Denmuk.  has  be^a  obfta-red  br  Dr.  Fordn 
liitniuicr,  and  helps  us  to  conceire  toT  lars*  ioeVrfs,  running 
niirouiid  on  the  bed  of  the  wa,  may  pr\^uce  similar  funvws  on  a 
firnndur  wale.  An  account  vas  giv^n  si  K'-isg  ago  as  \h«  Tear  IS22, 
liy  Scoresbj',  of  icebergs  seen  br  him  drifting  along  in  latiiadet  69" 
mid  70"  N.,  nhich  rose  above  the  surface  from  1(X>  lo  200  leet,  and 
lueasared  frum  a  few  rards  to  a  mile  in  cinrumference.  Many  of 
tlicm  were  loaded  with  beds  of  earth  and  rook,  of  such  thickneu  that 
the  weight  was  conjectured  to  be  firom  50.CA1  to  100,000  ton&t  A 
similar  transifortatioD  of  rocks  is  known  to  be  in  progress  in  the 
hvutlieru  hell) ii^pli ere,  where  boulders  included  in  ice  at«  far  more 
frtujUfriit  than  in  the  north.  One  of  these  icebergs  was  encountered 
ill  IHZit,  iu  iiii<]-oc>;an,  in  the  antarctic  regions,  manj  hundred  milea 
frcm  an;  known  land,  sailing  northwards,  with  a  large  erratic  block 
*  CbBp.  xii.  and  the  referencci  there  giTcn.       t  Vori^  in  \tii,  f.  S33. 
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firmly  frozen  into  it.  In  order  to  understand  in  what  manner  long 
and  straight  grooves  may  be  cut  by  such  ageticy,  we  must  remember 
that  these  floating  islands  of  ice  have  a  singular  steadiness  of  motion, 
in  consequence  of  the  larger  portion  of  their  bulk  being  sunk  deep 
under  water,  so  that  they  are  not  perceptibly  moved  by  the  winds 
and  waves  even  in  the  strongest  gales.  Many  had  supposed  that  the 
magnitude  commonly  attributed  to  icebergs  by  unscientific  navigators 
was  exaggerated,  but  now  it  appears  that  the  popular  estimate  of 
their  dimensions  has  rather  fallen  within  than  beyond  the  truth. 
Many  of  them,  carefully  measured  by  the  officers  of  the  French 
exploring  expedition  of  the  Astrolabe,  were  between  100  and  225 
feet  high  above  water,  and  from  2  to  5  miles  in  length.  Captain 
d*Urvllle  ascertained  one  of  them  which  he  saw  floating  in  the 
Southern  Ocean  to  be  13  miles  long  and  100  feet  high,  with  walls 
perfectly  vertical.  The  submerged  portions  of  such  islands  must, 
according  to  the  weight  of  ice  relatively  to  sea-water,  be  from  six  to 
eight  times  more  considerable  than  the  part  which  is  visible,  so  that 
the  mechanical  power  they  might  exert  when  fairly  set  in  motion 
must  be  prodigious.* 

Glaciers  formed  in  mountainous  regions  become  laden  with  mud 
and  stones,  and  if  they  melt  away  at  their  lower  extremity  before 
they  reach  the  sea,  they  leave  wherever  they  terminate  a  confused 
heap  of  unstratified  rubbish,  called  ''a  moraine,"  composed  of  mud 
and  pieces  of  all  the  rocks  with  which  they  were  loaded.  We  may 
expect,  therefore,  to  find  a  formation  of  the  same  kind,  resulting 
from  the  liquefaction  of  icebergs,  in  tranquil  water.  But,  should  the 
action  of  a  current  intervene  at  certain  points  or  at  certain  seasons, 
then  the  materials  will  be  sorted  as  they  fall,  and  arranged  in  layers 
according  to  their  relative  weight  and  size.  Hence  there  will  be 
passages  from  tilly  as  it  is  called  in  Scotland,  to  stratified  clay,  gravel, 
and  sand,  and  intercalations  of  one  in  the  other. 

I  have  yet  to  mention  another  appearance  connected  with  the 
boulder  formation,  which  has  justly  attracted  much  attention  in 
Norway  and  other  parts  of  Europe.  Abrupt  pinnacles  and  out- 
standing ridges  of  rock  are  often  observed  to  be  polished  and  furrowed 
on  the  north,  or  '*  strike"  side  as  it  is  called,  or  on  the  side  facing 
the  region  from  which  the  erratics  have  come ;  while,  on  the  other 
side,  which  is  usually  steeper  and  often  perpendicular,  called  the 
"  lee-side,"  such  superficial  markings  are  wanting.  There  is  usually 
a  collection  on  this  lee-side  of  boulders  and  gravel,  or  of  large  angular 
fragments.  In  explanation,  we  may  suppose  that  the  north  side  \vas 
exposed,  when  still  submerged,  to  the  action  of  icebergs,  and  after- 
wards, when  the  land  was  upheaved,  of  coast-ice,  which  ran  aground 
upon  shoals,  or  was  packed  on  the  beach ;  so  that  there  would  be 
great  wear  and  tear  on  the  seaward  slope,  while,  on  the  other,  gravel 
and  boulders  might  be  heaped  up  in  a  sheltered  position. 

Northern  origin  of  erratics, — That  the  erratics  of  northern  Europe 

•  T.  L.  Hayes,  Boston  Joam.  Nat,  Hist  1844. 
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laTie  Vm«  iRnM  jc«i«:iri  «.r».'«  Ve  ai.-vteeil :  tbooe  of  grmnite, 
frr  exfts^.  dnnery>i  crw  krc*  ^iscri^  rf  Rum  and  PolaDd, 
a?ree  poxi^  ia  ohir^cter  wi;i\vk*  oc*  i^  wmmuk  of  Lftpknd 
aad  Flnluid :  whiie  tbe  mt5iw^  oc  irM-is&  «T«ute.  pcrfAiTiT;  and  trap, 
ftrew^  o\-er  the  k>w  saaaj  <v>c*  ;ri«$  cf  P^OEMnwa.  'Hobteui,  and 
I>^nmark.  are  iJentical  in  xniritni  cbameten  vith  tbe  aoniains  of 
Norwar  and  Svedc^xL 

It  U  found  to  be  a  cecend  role  ia  RassaL  that  tbe  rmiUfT  Uocks 
are  carried  to  greaier  oi^tances  from  their  point  of  defmrtfe  tbaa 
the  larger ;  the  distance  being  sometimes  ^00  and  eren  1000  »3es 
from  the  nearest  rocks,  from  which  they  were  broken  ofF;  tbe  firee^ 
tion  having  been  from  N.W.  to  S.£^  or  from  the  Scan&mraB 
mountains  over  the  seas  and  low  lands  to  the  south-east.  Thai  is 
accumuktion  throughout  this  area  took  place  in  part  during  the  jm- 
pliocene  period  is  proved  bj  its  superposition  at  several  poin^  » 
strata  containing  recent  shells.  Thus,  for  example,  in  EurofwuD 
Russia,  IkOI.  Murchison  and  De  Vemeuil  found,  in  1840,  that  tbe 
flat  country  between  St.  Petersburg  and  Archangel,  for  a  distanee 
of  600  miles,  consisted  of  horizontal  strata,  full  of  shells  amilar  to 
those  now  inhabiting  the  arctic  sea,  on  which  rested  the  boulder 
formation,  containing  large  erratics. 

In  Sweden,  in  the  immediate  neighbourhood  of  Upsala,  I  obserred, 
in  1834,  a  ridge  of  stratified  sand  and  gravel,  in  the  midst  of  whicii 
is  a  layer  of  marl,  evidently  formed  originally  at  the  bottom  of  the 
Baltic,  by  the  slow  growth  of  the  mussel,  cockle,  and  other  marine 
shells,  intermixed  with  some  of  freshwater  species.  Tbe  marine 
shells  are  all  of  dwarfish  size,  like  those  now  inhabiting  the  brackish 
waters  of  the  Baltic  ;  and  the  marl,  in  which  myriads  of  them  are 
imbedded,  is  now  raised  more  than  100  feet  above  the  level  of  tbe 
Gulf  of  Bothnia.  Upon  the  top  of  this  ridge  repose  several  huge 
erratics,  consisting  of  gneiss  for  tbe  most  part  unrounded,  from  9 
to  16  feet  in  diameter,  and  which  must  have  been  brought  into 
their  present  position  since  the  time  when  the  neighbouring  gulf  was 
already  characterized  by  its  peculiar  fauna.*  Here,  therefore,  we 
have  proof  that  the  transport  of  erratics  continued  to  take  place,  not 
merely  when  the  sea  was  inhabited  by  the  existing  testacea,  but 
when  the  north  of  Europe  had  already  assumed  that  remarkable 
feature  of  its  physical  geography,  which  separates  the  Baltic  from 
the  North  Sea,  and  causes  the  Gulf  of  Bothnia  to  have  only  one 
fourth  of  the  saltness  belonging  to  the  ocean.  In  Denmark,  also, 
recent  shells  have  been  found  in  stratified  beds,  closely  associated 
with  the  boulder  clay. 

It  was  stated  that  in  Russia  the  erratics  diminish  generally  in  size 
in  proportion  as  they  are  traced  farther  from  their  source.  The 
same  observation  holds  true  in  regard  to  the  average  bulk  of  the 
Scandinavian  boulders,  when  we  pursue  them  southwards,  from  the 
south  of  Norway  and  Sweden  through  Denmark  and  Westphalia. 


N 


*  See  paper  by  tbe  aathor,  FhiL  Trans.  1835,  p.  15. 


Ch.  XI.]  FOSSILS  OF   ABCTIO  SPECIES.  125 

This  phenomenon  is  in  perfect  harmony  with  the  theory  of  ice-islands 
floating  in  a  sea  of  variable  depth ;  for  the  heavier  erratics  require 
icebergs  of  a  larger  size  to  buoy  them  up ;  and,  even  when  there  are 
no  stones  frozen  in,  more  than  seven  eighths,  and  often  nine  tenths, 
of  a  mass  of  drift  ice  is  under  water.  The  greater,  therefore,  the 
volume  of  the  iceberg,  the  sooner  would  it  impinge  on  some  shallower 
part  of  the  sea ;  while  the  smaller  and  lighter  floes,  laden  with  finer 
mud  and  gravel,  may  pass  freely  over  the  same  banks,  and  be  carried 
to  much  greater  distances.  In  those  places,  also,  where  in  the  course 
of  centuries  blocks  have  been  carried  southwards  by  coast-ice,  having 
been  often  stranded  and  again  set  afloat  in  the  direction  of  a  pre- 
vailing current,  the  blocks  will  be  worn  and  diminish  in  size  the 
farther  they  travel  from  their  point  of  departure. 

The  ''  northern  drift "  of  the  most  southern  latitudes  is  usually  of 
the  highest  antiquity.  In  Scotland  it  rests  immediately  on  the  older 
rocks,  and  is  covered  by  stratified  sand  and  clay,  usually  devoid  of 
fossils,  but  in  which,  at  certain  points  near  the  east  and  west  coast, 
as,  for  example,  in  the  estuaries  of  the  Tay  and  Clyde,  marine  shells 
have  been  discovered.  The  same  shells  have  also  been  met  with  in 
the  north,  at  Wick  in  Caithness,  and  on  the  shores  of  the  Moray 
Frith.  The  principal  deposit  on  the  Clyde  occurs  at  the  height  of 
about  70  feet,  but  a  few  shells  have  been  traced  in  it  as  high  as 
554  feet  above  the  sea.  Although  a  proportion  of  between  85  or  90 
in  100  of  the  imbedded  shells  are  of  recent  species,  the  remainder  are 
unknown ;  and  even  many  which  are  recent  now  inhabit  more 
northern  seas,  where  we  may,  perhaps,  hereafter  find  living  repre- 
sentatives of  some  of  the  unknown  fossils.  The  distance  to  which 
erratic  blocks  have  been  carried  southwards  in  Scotland,  and  the 
course  they  have  taken,  which  is  often  wholly  independent  of  the 
present  position  of  hill  and  valley,  favours  the  idea  that  ice-rafts 
rather  than  glaciers  were  in  general  the  transporting  agents.  The 
Grampians  in  Forfarshire  and  in  Perthshire  are  from  3000  to  4000 
feet  high.  To  the  southward  lies  the  broad  and  deep  valley  of 
Strathmore,  and  to  the  south  of  this  again  rise  the  Sidlaw  HiUs  *  to 
the  height  of  1500  feet  and  upwards.  On  the  highest  summits  of 
this  chain,  formed  of  sandstone  and  shale,  and  at  various  elevations, 
are  found  huge  angular  fragments  of  mica-schist,  some  3  and  others 
15  feet  in  diameter,  which  have  been  conveyed  for  a  distance  of  at 
least  15  miles  from  the  nearest  Grampian  rocks  from  which  they 
could  have  been  detached.  Others  have  been  left  strewed  over  the 
bottom  of  the  large  intervening  vale  of  Strathmore. 

Still  farther  south  on  the  Pentknd  Hills,  at  the  height  of  1100  feet 
above  the  sea,  Mr  Maclaren  has  observed  a  fragment  of  mica-schist 
weighing  from  8  to  10  tons,  the  nearest  mountain  composed  of  this 
formation  being  50  miles  distant.f 

The  testaceous  fauna  of  the  boulder  period,  in  Scotland,  Eng- 
land^ and  Ireland,  has  been  shown  by  Prof.  E.  Forbes  to  contain 

«  See  above,  section,  p.  48.  t  GeoL  of  Fife,  &c,  p.  22a 
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a  nmch  smaller  nomber  of  species  than  that  noir  belonging  to  the 
Britbh  seaA,  and  to  hare  been  also  much  less  rich  in  ^Kcies  than 
the  Older  Plioeene  finoH  of  the  cr^  which  preceded  it.  Yet  the 
species  are  nearlj  all  of  them  now  liring  dther  in  the  British  <^ 
more  northern  eeas»  the  shells  of  more  arctic  latitodes  being  the  most 
abundant  and  the  most  wide  spread  throoghont  the  oitire  area  of  the 
drift  from  north  to  south. 

This  extensiTc  range  of  the  fossils  can  bj  no  means  be  explained 
br  imagining  the  mollosca  of  the  drift  to  have  been  inhabitants  of  a 
deep  sea,  where  a  more  uniform  temperature  prevafled.  On  the 
eontrarr,  manj  species  were  littoral,  and  others  belonged  to  a  shallow 
sea,  not  above  100  feet  deep,  and  verj  few  of  them  lived,  according 
to  Prof.  £.  F<H'beSy  at  greater  depths  than  300  feet. 

From  what  was  before  stated  it  will  appear  that  the  boulder  for* 
mation  displays  almost  everywhere,  in  its  mineral  ingredients,  a 
strange  heterogeneous  mixture  of  the  ruins  of  adjacent  lands,  with 
Intones  both  angular  and  rounded,  which  have  come  from  points  oflen 
very  remote.  Thus  we  find  it  in  our  eastern  counties,  as  in  Norfolk, 
Suffolk,  Cambridge,  Huntingdon,  Bedford,  Hertford,  Essex,  and 
Middlesex,  containing  stones  from  the  Silurian  and  Carboniferous 
strata,  and  from  the  lias,  oolite,  and  chalk,  all  with  their  peculiar  fossils, 
together  with  trap,  syenite,  mica-schist,  granite,  and  other  crystal- 
line rocks.  A  fine  example  of  this  singular  mixture  extends  to  the 
very  suburbs  of  London,  being  seen  on  the  summit  of  Muswell  Hill, 
Higbgate.  But  south  of  London  the  northern  drift  is  wanting,  as, 
for  example,  in  the  Wealds  of  Surrey,  Kent,  and  Sussex. 

Norfolk  drift — The  drift  can  nowhere  be  studied  more  advan* 
tageoosly  in  England  than  in  the  cliffs  of  the  Norfolk  coast  between 
Happisburgh  and  Cromer.  Vertical  sections,  having  an  ordinary 
height  of  from  50  to  70  feet,  are  there  exposed  to  view  for  a  distance 
of  about  20  miles.  The  name  of  diluvium  was  formerly  given  to  it 
by  those  who  supposed  it  to  have  been  produced  by  the  violent  action 
of  a  sudden  and  transient  deluge,  but  the  term  drift  has  been  sub- 
stituted  by  those  who  reject  this  hypothesis.  Here,  as  elsewhere,  it 
consists  for  the  most  part  of  clay,  loam,  and  sand,  in  part  stratified, 
in  part  devoid  of  stratification.  Pebbles,  together  with  some  large 
boulders  of  granite,  porphyry,  greenstone,  lias,  chalk,  and  other 
transported  rocks,  are  interspersed,  especially  through  the  till.  That 
some  of  the  granitic  and  other  fragments  came  from  Scandinavia  I 
have  no  doubt,  after  having  myself  traced  the  course  of  the  continuous 
stream  of  blocks  from  Norway  and  Sweden  to  Denmark,  and  across 
the  Elbe,  through  Westphalia,  to  the  borders  of  Holland.  We  need 
not  be  surprised  to  find  them  reappear  on  our  eastern  coast,  between 
the  Tweed  and  the  Thames,  regions  not  half  so  remote  from  parts  of 
Norway  as  are  many  Russian  erratics  from  the  sources  whence  they 
came. 

White  chalk  rubble,  unmixed  with  foreign  matter,  and  even  huge 
fragments  of  solid  chalk,  also  occur  in  many  localities  in  these  Norfolk 
cliffs.     No  fossils  have  been  detected  in  this  drift,  which  can  posi- 
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tivelj  be  referred  to  the  era  of  its  accamulation ;  but  at  some  points 
it  overlies  a  freshwater  formation  containing  recent  shells,  and  at 
others  it  is  blended  with  the  same  in  such  a  manner  as  to  force  ns 
to  conclude  that  both  were  contemporaneously  deposited. 

Fig.  111. 


The  shaded  portUm  eoosittt  of  Freshwater  beds. 
Intercalation  of  freshwater  beds  and  of  boulder  clay  and  sand  at  Mondesley. 

This  interstratification  is  expressed  in  the  annexed  figure,  the  dark 
mass  indicating  the  position  of  the  freshwater  beds,  which  contain 
much  y^etable  matter,  and  are  divided  into  thin  layers.  The  im- 
bedded shells  belong  to  the  genera  Planorhisy  LymneOy  Paludina, 
Unioy  Ct/clas,  and  others,  all  of  British  species,  except  a  minute  Pa« 
ludina  now  inhabiting  France.     (See  ^g.  112.) 

Fig.  112. 


« 


Paiudina  marginaia,  Mlchaud.    <P.  mintUa,  Strickland.) 
The  middle  figure  is  of  the  natural  sise. 

The  Cyclas  (fig.  113.)  is  merely  a  remarkable  variety  of  the  com« 
mon  English  species.     The  scales  and  teeth  of  fish  of  the  genera 

Fig.  113. 


O 

• 


Cydoi  (PiMium)  amnica^  rar.  ? 
The  two  middle  figures  are  of  the  natural  sise. 

Pike,  Perch,  Roach,  and  others,  accompany  these  shells ;  but  the 
species  are  not  considered  by  M.  Agassiz  to  be  identical  with  known 
British  or  European  kinds. 

The  series  of  formations  in  the  clifis  of  eastern  Norfolk*  now  under 
consideration,  beginning  with  the  lowest,  is  as  follows;  —  First, 
chalk ;  secondly,  patches  of  a  marine  tertiary  formation,  called  the 
Norwich  Crag,  hereafter  to  be  described;  thirdly,  the  freshwater 
beds  already  mentioned ;  and  lastly,  the  drift.  Immediately  above 
the  chalk,  or  crag,  when  that  is  present,  is  found  here  and  there  a 
buried  forest,  or  a  stratum  in  which  the  stools  and  roots  of  trees  stand 
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in  tbeir  natural  position,  the  trunks  having  been  broken  short  off  and 
imbedded  with  their  branches  and  leaves.  It  is  very  remarkable 
that  the  strata  of  the  overlying  boulder  formation  have  often  under* 
gone  great  derangement  at  points  where  the  subjacent  forest  bed  and 
chalk  remain  undisturbed.  There  are  also  cases  were  the  upper 
portion  of  the  boulder  deposit  has  been  greatly  deranged,  while  the 
lower  beds  of  the  same  have  continued  horizon taL  Thus  the  an- 
nexed section  (fig.  114.)  represents  a  cliff  about  50  feet  high,  at  the 

Fig.  114. 


Cliff  50  f«et  high  beCweea  Bacton  Gap  and  Mundeslej. 

bottom  of  which  is  till^  or  unstratified  clay,  containing  boulders, 
having. an  even  horizontal  surface,  on  which  repose  conformably  beds 
of  laminated  clay  and  sand  about  5  feet  thick,  which,  in  their  turn, 
are  succeeded  by  vertical,  bent,  and  contorted  layers  of  sand  and  loam 
20  feet  thick,  the  whole  being  covered  by  flint  graveL  Now  the 
curves  of  the  variously  coloured  beds  of  loose  sand,  loam,  and  pebbles 
are  so  complicated  that  not  only  may  we  sometimes  find  portions  of 
them  which  maintain  their  verticality  to  a  height  of  10  or  15  feet, 
but  they  have  also  been  folded  upon  themselves  in  such  a  manner 
that  continuous  layers  might  be  thrice  pierced  in  one  perpendicular 
boring. 

At  some  points  there  is  an  apparent  folding  of  the  beds  round  a 
central  nucleus,  as  at  a,  fig.  115.,  where  the  strata  seem  bent  round 

Fig.  116. 


F»K.  116. 


Folding  of  the  strata  between  East 
and  West  Runton. 


Section  of  concentric  beds  west  of  Cromer. 

1.  Blue  clay.  8.  Yellow  sand. 

a.  White  sand.  4.  Striped  loam  and  clay. 

6.  Laminated  blue  clay. 


a  small  mass  of  chalk ;  or,  as  in  fig.  116.,  where  the  blue  clay,  No.  1., 
is  in  the  centre ;  and  where  the  other  strata,  2,  3,  4,  5,  are  coiled 
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round  it;  the  entire  mass  being  20  feet  in  perpendicnlar  height 
This  appearance  of  concentric  arrangement  round  a  nucleus  is,  never- 
thelea^  delusive,  being  produced  bj  the  intersection  of  beds  bent  into 
a  convex  shape ;  and  that  which  seema  the  nucleus  being,  in  fact,  the 
inQCrmoBt  bed  of  the  series,  which  has  become  partially  visible  b;  the 
removal  of  the  protuberant  portions  of  the  outer  laTera. 

To  the  north  of  Cromer  are  other  flue  illustrations  of  contorted 
drift  reposing  on  a  floor  of  chalk  horizontally  stratified  and  having 
a  level  surface.  These  phenomena,  in  themselves  sufficiently  difficult 
of  explanation,  are  rendered  still  more  anomalous  b;  the  occasional 
jnclosure  in  the  drift  of  huge  fragments  of  chalk  many  yards  in  dia- 
meter. One  striking  instance  occurs  west  of  Sherringham,  vrhere 
an  enormoDS  pinnacle  of  chalk,  between  70  and  80  feet  in  height,  is 
flanked  on  both  sides  by  vertical  layers  of  loam,  chiy,  and  gravel. 
(Fig.  117.) 

Fif.  n>. 


Tltis  chalky  fragment  is  only  one  of  many  detached  masses  which 
have  been  included  in  the  drift,  and  forced  along  with  it  into  their 
present  position.  The  level  surface  of  the  chalk  in  situ  {d)  may  be 
traced  for  miles  along  the  coast,  where  it  bas  escaped  the  violent 
movements  to  which  the  incumbent  drift  has  been  exposed.* 

"VVe  are  called  upon,  then,  to  expl^n  how  any  force  can  have  been 
exerted  against  the  upper  masses,  so  as  to  produce  movements  in 
which  the  subjacent  strata  have  not  participated.  It  may  be  an- 
swered that,  if  we  conceive  the  till  and  its  boulders  to  have  been 
drifted  to  their  present  place  by  ice,  the  lateral  pressure  may  have 
been  supplied  by  the  stranding  of  ice  islands.  We  learn,  from  the  ob- 
servations of  Messrs.  Dease  and  Simpson  in  the  polar  regions,  that 
such  islands,  when  they  run  aground,  push  before  them  large  mounds  of 
shingle  and  sand.    It  is  therefore  probable  that  they  often  cause  great 

a  paper  bj  the  anthor. 
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alterations  in  the  arrangement  of  pliant  and  incoherent  strata  forming 
the  upper  part  of  shoals  or  submerged  banks,  the  inferior  portions  of 
the  same  remaining  unmoved.  Or  manj  of  the  complicated  curva- 
tures of  these  layers  of  loose  sand  and  gravel  may  have  been  due  to 
another  cause,  the  melting  on  the  spot  of  icebergs  and  coast  ice  in 
which  successive  deposits  of  pebbles,  sand,  ice,  snow,  and  mud,  to- 
gether with  huge  masses  of  rock  fallen  from  cliffs,  may  have  become 
interstratified.  Ice-islands  so  constituted  of^en  capsize  when  afloat, 
and  gravel  once  horizontal  may  have  assumed,  before  the  associated 
ice  was  melted,  an  inclined  or  vertical  position.  The  packing  of  ice 
forced  up  on  a  coast  may  lead  to  similar  derangement  in  a  frozen 
conglomerate  of  sand  or  shingle,  and  the -alternate  layers  of  earthy 
matter  may  have  sunk  down  slowly  during  the  liquefaction  of  the 
intercalated  ice,  so  as  to  assume  the  most  fantastic  and  anomalous 
positions,  while  the  aqueous  strata  below,  and  those  afterwards  thrown 
down  above,  may  bo  perfectly  horizontaL 

A  buried  forest  has  been  adverted  to  as  underlying  the  drift  on  the 
coast  of  Norfolk.  At  the  time  when  the  trees  grew  there  must  have 
boiMj  dry  land  over  a  large  area,  which  was  afterwards  submerged,  so 
ns  to  allow  a  mass  of  stratified  and  unstratified  drift,  200  feet  and 
nu»ro  in  thickness,  to  be  superimposed.  The  undermining  of  the 
c.titVx  by  the  sea  in  modern  times  has  enabled  us  to  demonstrate, 
lu^yond  all  doubt,  the  fact  of  this  superposition,  and  that  the  forest 
was  not  formed  along  the  present  coast-line.  Its  situation  implies  a 
subsidence  of  several  hundred  feet  since  the  commencement  of  the 
drift  period,  after  which  there  must  have  been  an  upheaval  of  the 
same  ground  ;  for  the  forest  bed  of  Norfolk  is  now  again  so  high  as 
to  be  exposed  to  view  at  many  points  at  low  water ;  and  this  same 
upward  movement  may  explain  why  the  tUIy  which  is  conceived  to 
have  been  of  submarine  origin,  is  now  met  with  far  inland,  and  on 
the  summit  of  hills. 

The  boulder  formation  of  the  west  of  England,  observed  in  Lan- 
cashire, Cheshire,  Shropshire,  Staffordshire,  and  Worcestershire,  con- 
tains in  some  places  marine  shells  of  recent  species,  rising  to  various 
heights,  from  100  to  350  feet  above  the  sea.  The  erratics  have  come 
partly  from  the  mountains  of  Cumberland,  and  partly  from  those  of 
Scotland. 

But  it  is  on  the  mountains  of  North  Wales  that  the  "  Northern 
drift,"  with  its  charactenstic  marine  fossils,  reaches  its  greatest  alti- 
tude. On  Moel  Tryfane,  near  the  Menai  Straits,  Mr.  Trimmer  met 
with  shells  of  the  species  commonly  found  in  the  drift  at  the  height 
of  1392  feet  above  the  level  of  the  sea. 

It  is  remarkable  that  in  the  same  neighbourhood  where  there  is 
evidence  of  so  great  a  submergence  of  the  land  during  part  of  the 
glacial  fK^riod,  we  have  also  the  most  decisive  proofs  yet  discovered 
in  ihti  British  Isles  of  sub-aerial  glaciers.  Dr.  Buckland  published 
in  1842  his  reasons  for  believing  that  the  Snowdonian  mountains  in 
Caernarvonshire  were  formerly  covered  with  glaciers,  which  ra- 
diated from  the  central  heights  through  the  seven  principal  valleys 
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of  that  chaioy  wliere  strue  and  flatings  are  seen  on  the  polished  rocks 
directed  towards  as  manj  different  points  of  the  compass.  He  also 
descrihed  the  "  moraines  "  of  the  ancient  glaciers,  and  the  ronnded 
^bosses'*  or  small  flattened  domes  of  polished  rock,  such  as  the 
action  of  moying  glariers  is  known  to  produce  in  Switzerland,  when 
gravel,  sand,  and  boulders,  underlying  the  ice,  are  forced  along  over 
a  foundation  of  hard  stone.  Mr.  Darwin,  and  subsequently  Prof. 
Bamsay,  have  confirmed  Dr.  Buckland*s  views  in  r^ard  to  these 
Welsh  glaciers.  Nor  indeed  was  it  to  be  expected  that  geologists 
should  discover  proofs  of  icebergs  having  abounded  in  the  area  now 
occupied  by  the  British  Isles  in  the  Pleistocene  period  without  some- 
times meeting  with  the  signs  of  contemporaneous  glaciers  which 
covered  hills  even  of  moderate  elevation  between  the  50th  and  60th 
d^rees  of  latitude. 

In  Ireland  the  *' drift"  exhibits  the  same  general  characters  and 
fossil  remains  as  in  Scotland  and  England  ;  but  in  the  southern  part 
of  that  island,  Prof.  K  Forbes  and  Capt  James  found  in  it  some 
shells  which  show  that  the  glacial  sea  communicated  with  one  in- 
habited by  a  more  southern  fauna.  Among  other  species  in  the 
south,  they  mention  at  Wexford  and  elsewhere  the  occurrence  of 
Nucula  CobboiduE  (see  d^.  120.,  p.  149.)  and  Turritella  incrassata 
(a  crag  fossil)  ;  also  a  southern  form  of  Fusus,  and  a  MUra  allied  to 
a  Spanish  species.^ 


CHAPTER  Xn. 


Difficulty  of  interpreting  the  phenomena  of  drift  before  the  glacial  hypothesis  was 
adopted — Effects  of  intense  cold  in  augmenting  the  quantity  of  alluvium — 
Analogy  of  erratics  and  scored  rocks  in  North  America  and  Europe — Bayfield 
'  on  shells  in  drift  of  Canada —  Great  subsidence  and  re-elevation  of  land  from  tho 
sea,  required  to  account  for  glacial  appearances — Why  organic  remains  so  rare 
in  northern  drift — Mastodon  gigantcus  in  United  States — Many  shells  and 
some  quadrupeds  survived  the  glacial  cold — Alps  an  independent  centre  of 
dispersion  of  erratics — Alpine  blocks  on  the  Jura — Whether  transported  by 
glaciers  or  floating  ice  — Recent  transportation  of  erratics  from  the  Andes  to 
Chiloe — Meteorite  in  Asiatic  drift 

It  will  appear  from  what  was  said  in  the  last  chapter  of  the  marine 
shells  characterizing  the  boulder  formation,  that  nine-tenths  or  more 
of  them  belong  to  species  still  living.  The  superficial  position  of  <<  the 
drift "  is  in  perfect  accordance  with  its  imbedded  organic  remains, 
leading  us  to  refer  its  origin  to  a  modern  period.  If,  then,  we  en- 
counter so  much  difficultj  in  the  interpretation  of  monuments  re- 
lating to  times  so  near  our  own — if  in  spite  of  their  recent  date  thej 
are  involved  in  so  much  obscurity — the  student  may  ask,  not  without 
reasonable  alarm,  how  we  can  hope  to  decipher  the  records  of  remote 
ages. 

*  Forbes,  Memoirs  of  GeoL  Survey  of  Qreat  Britain,  tqL  L  p.  377. 
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A.;"^  i:"*i  '-lit  «T-*— iTTTtr^T^.f  '--iT.y^    ^stfcsLIj  aiKT  AjLviL.^izix  roimd 
tJLit  -lri»w-  iar»  -c  ':i,*  ^■{ta:'-'.  :i5±rs  sadi  lo.  fu^f^diTa  ai  ;ai£ 
r;r>  V*  'xcri  J21.-4  rh.»i  r.ai';';i'  i'r-3«:ciiss&« ;  5ir  r:  sicw^  aac  tie 

ci'iaiikif:  and  tut  T&zioai  ^«c«eeieal  «c;!esnsic«ft  »:v  coHwaair  cafted 
^laci&L  c&nnot  be  d-i-cbted  by  laj  ock  vh*~  Lai$  ^isrsred  t&e  ujibiMhm 
borderin;r  the  Baltic  with  tL*:«e  yszTcit^JT-.g  tie  MeiihonaeaiL  Tbe 
smoothing  and  striation  of  n:ck«.  ir«2  tie  emtie&,  ire  tncied  firom 
the  9ea-shore  to  the  height  of  3000  fee:  xbove  tbe  level  of  tbe  BahiCr 
whfrcns  such  phenomena  arte  whollr  vazitl:i^  in  ccansries  bordering 
thi:  MtMlitrrnineun  ;  and  their  absence  is  ftiH  core  oarked  in  the 
e'|Utttoi'itil  |iartii  of  AHia*  Africa,  and  America;  bat  when  ve  crocs 
the  MO ut hern  tropic,  and  reach  Chili  and  F^Uagooia.  ve  i^ain  odk 
counter  the  lioulder  formation,  between  the  Utitnde  41*  SL  and  Cape 
Horn,  with  precisely  the  same  characters  which  it  assumes  in  Eorope. 
Tiic  evidence  as  to  climate  derived  from  the  organic  remains  of  Uie 
drift,  is,  as  we  have  seen,  in  perfect  harmonj  with  the  conclosions 
above  alluded  to,  the  former  habits  of  the  species  of  moUusca  being 
accurately  ascertainable,  inasmuch  as  they  belong  to  species  stiU  living, 
and  known  to  have  at  present  a  wide  range  in  northern  seas. 

Hut  if  we  are  correct  in  assuming  that  the  northern  hemisphere 
iras  considerably  colder  than  now  during  the  period  under  considera- 
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tion,  owiDg  probably  to  the  greater  area  and  height  of  arctic  lands, 
and  to  the  quantity  of  icebergs  which  such  a  geographical  state  of 
things  would  generate,  it  may  be  well  to  reflect  before  we  proceed 
farther  on  the  entire  modification  which  extreme  cold  would  produce 
in  the  operation  of  tliose  causes  spoken  of  in  the  sixth  chapter  as 
most  active  in  the  formation  of  alluvium.  A  large  part  of  the 
materials  derived  from  the  detritus  of  rocks,  which  in  warm  climates 
would  go  to  form  deltas,  or  would  be  regularly  stratified  by  marine 
currents,  would,  under  arctic  influences,  assume  a  superficial  and 
alluvial  character.  Instead  of  mud  being  carried  farther  from  a 
coast  than  sand,  and  sand  farther  out  than  pebbles, — instead  of  dense 
stratified  masses  being  heaped  up. in  limited  areas, — nearly  the  whole 
materials,  whether  coarse  or  fine,  would  be  conveyed  by  ice  to  equal 
distances,  and  huge  fragments,  which  water  alone  could  never  move, 
would  be  borne  for  hundreds  of  miles  without  having  their  edges 
worn  or  fractured ;  and  tlie  earthy  and  stony  masses,  when  melted 
out  of  tlie  frozen  rafts,  would  be  scattered  at  random  over  the  sub- 
marine bottom,  whether  on  mountain  tops  or  in  low  plains,  with 
scarcely  any  relation  to  the  inequalities  of  the  ground,  settling  on  the 
crests  or  ridges  of  hills  in  tranquil  water  as  readily  as  in  valleys 
and  ravines.  Occasionally,  in  those  deep  and  uninhabited  parts  of 
the  ocean,  never  reached  by  any  but  the  finest  sediment  in  a  normal 
state  of  things,  the  bottom  would  become  densely  overspread  by 
gravel,  mud,  and  boulders. 

In  the  Western  Hemisphere,  both  in  Canada  and  as  far  south  as 
the  40th  and  even  38th  parallel  of  latitude  in  the  United  States,  we 
meet  with  a  repetition  of  all  the  peculiarities  which  distinguish  the 
European  boulder  formation.  Fragments  of  rock  have  travelled  for 
great  distances  from  north  to  south ;  the  surface  of  the  subjacent  rock 
is  smoothed,  striated,  and  fiuted ;  unstratified  mud  or  till  containing 
boulders  is  associated  with  strata  of  loam,  sand,  and  clay,  usually 
devoid  of  fossils.  Where  shells  are  present,  they  are  of  species  still 
living  in  northern  seas,  and  half  of  them  identical  with  those  already 
enumerated  as  belonging  to  European  drift  10  degrees  of  latitude 
farther  north.  The  fauna  also  of  the  glacial  epoch  in  North  America 
is  less  rich  in  species  than  that  now  inhabiting  tlie  adjacent  sea, 
whether  in  the  Gulf  of  St.  Lawrence,  or  off  the  shores  of  Maine,  or 
in  the  Bay  of  Massachusetts.  At  the  southern  extremity  of  its 
course,  moreover,  it  presents  an  analogy  with  the  drift  of  the  south 
of  Ireland,  by  blending  with  a  more  southern  fauna,  as  for  example 
at  Brooklyn  near  New  York,  in  lat.  41°  N.,  where  according  to  MM, 
Bedfield  and  Desor  Venus  mercenaria  and  other  southern  species  of 
shells  begin  to  occur  as  fossils  in  the  drift. 

The  extension  on  the  American  continent  of  the  range  of  erratics 

during  the  Pleistocene  period  to  lower  latitudes  than  they  reached  in 

Europe,  agrees  well  with  the  present  southward  deflection  of  the 

isothermal  lines,  or  rather  the  lines  of  equal  winter  temperature. 

Formerly,  as  now,  a  more  extreme  climate  and  a  more  abundant 

supply  of  floating  ice  prevailed  on  the  western  side  of  the  Atlantic 
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Another  resemblance  between  the  distribution  of  the  drift  fossils 
in  Europe  and  North  America  has  yet  to  be  pointed  out.  In 
Norway,  Sweden,  and  Scotland,  as  in  Canada  and  the  United  States, 
the  marine  shelb  are  confined  to  very  moderate  elevations  above  the 
sea  (between  100  and  700  feet),  while  the  erratic  blocks  and  the 
grooved  and  polished  surfaces  of  rock  extend  to  elevations  of  several 
thousand  feet. 

I  described  in  1839  the  fossil  shells  collected  by  Captain  Bayfield 
from  strata  of  -drift  at  Beauport  near  Quebec,  in  lat  47%  and  drew 
from  them  the  inference  that  they  indicated  a  more  northern  dimate^ 
the  shells  agreeing  in  great  part  with  those  of  Udde valla  in  Sweden.* 
The  shelly  beds  attain  at  Beauport  and  the  neighbourhood  a  height  of 
200,  300,  and  sometimes  400  feet  above  the  sea,  and  dispersed 
through  some  of  them  are  large  boulders  of  granite,  which  could  not 
have  been  propelled  by  a  violent  current,  because  the  accompanjring 
fragile  shells  are  almost  all  entire.  They  seem  therefore,  said  Captain 
Bayfield,  writing  in  1838,  to  have  been  dropped  down  from  melting 
ice,  like  similar  stones  which  are  now  annually  deposited  in  the 
St  Lawrenccf  I  visited  this  locality  in  1842,  and  made  the  annexed 
section,  fig.  118.,  which  will  give  an  idea  of  the  general  position  of 

Fig.  11& 
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d.  Drift,  with  bouldett  ofsjrenite,  ftc 

e.  Yellow  sand. 

b.  Lmninated  clay,  S5  feet  thidi. 

A.  Horizontal  lower  Silurian  itrata. 

B.  Valley  re-excavated. 


K.  Mr.  Rytand's  houfte. 

h.  Clay  and  sand  of  higher  grounds,  with 

S(uicu9a,  ftc. 
g.  Gravel  with  boulders. 
/.  Mass  of  San'eavm  rmgota,  13  feet  thick, 
r.  Sand  and  loam  with  Mya  trMmeaia^  Sea" 

htria  GrttHlandica,  ftc. 

the  drift  in  Canada  and  the  United  States.  I  imagine  that  the  whole 
of  the  valley  B  was  once  filled  up  with  the  beds  ^,  c,  i/,  eyf,  which  were 
deposited  during  a  period  of  subsidence,  and  that  subsequently  the 
higher  country  {h)  was  submerged  and  overspread  with  drift.  The  par- 
tial re-excavation  of  B  took  place  when  this  region  was  again  uplifted 
above  the  sea  to  its  present  height.  Among  the  twenty-three  species 
of  fossil  shells  collected  by  me  from  these  beds  at  Beauport,  all  were 
of  recent  northern  species,  except  one,  which  is  unknown  as  living, 
and  may  be  extinct  (see  fig.  119.).  I  also  examined  the  same  formation 
farther  up  the  valley  of  the  St.  Lawrence,  in  the  suburbs  of  Montreal, 
where  some  of  the  beds  of  loam  are  filled  with  great  numbers  of  the 
Mytilua  edulis,  or  our  common  European  mussel,  retaining  both  its 
valves  and  purple  colour.  Tliis  shelly  deposit,  containing  Sdxicava 
rugosa  and  other  characteristic   marine   shells,  also  occurs  at  an 


*  GeoL  Trans.  2d  series,  vol  vi.  p.  135.    shells  of  the  Scotch  Pleistocene  deposits, 
Mr.  Smith  of  Jordanhill  had  arrived  at        f  Proceedings  of  Greol  Soc  No.  63« 
siodlar  conclusions  as  to  climate  ftom  the    p.  1 19. 


Ch.  XII.]  SUBSIDENCE   IN   DRIFT   PERIOD.  135 

Fig.  119. 
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Aiiarte  Laurentiana, 
a.  OaUlde.  6.  Inside  of  right  valte.  c.  Intlde  of  left  Talv«. 

elevated  point  on  the  mountain  of  Montreal,  450  feet  above  the  level 
of  the  sea.* 

In  my  account  of  Canada  and  the  United  States,  published  in  1845, 
I  announced  the  conclusion  to  which  I  had  then  arrived,  that  to 
explain  the  position  of  the  erratics  and  the  polished  surfaces  of  rocks, 
and  their  striae  and  flu  tings,  we  must  assume  first  a  gradual  sub- 
mergence of  the  land  in  North  America,  after  it  had  acquired  its 
present  outline  of  hill  and  vallej,  cliff  and  ravine,  and  then  its 
re-emergence  from  the  ocean.  When  the  land  was  slowlj  sinking 
the  sea  which  bordered  it  was  covered  with  islands  of  floating  ice 
coming  from  the  north,  which,  as  they  grounded  on  the  coast  and  on 
shoals,  pushed  along  such  loose  materials  of  sand  and  pebbles  as  lay 
strewed  over  the  bottom.  By  this  force  all  angular  and  projecting 
points  were  broken  off,  and  fragments  of  hard  stone,  frozen  into  the 
lower  surface  of  the  ice,  had  power  to  scoop  out  grooves  in  the 
subjacent  solid  rock.  The  sloping  beach,  as  well  as  the  floor  of  the 
ocean,  might  be  polished  and  scored  by  this  machinery  ;  but  no  flood 
of  water,  however  violent,  or  however  great  the  quantity  of  detritus 
or  size  of  the  rocky  fragments  swept  along  by  it,  could  produce  such 
long,  perfectly  straight  and  parallel  furrows,  as  are  everywhere  visible 
in  the  Niagara  district,  and  generally  in  the  region  north  of  the  40th 
parallel  of  latitude.! 

By  the  hypothesis  of  such  a  slow  and  gradual  subsidence  of  the 
land  we  may  nccount  for  the  fact  that  almost  everywhere  in  N. 
America  and  Northern  Europe  the  boulder  formation  rests  on  a 
polished  and  furrowed  surface  of  rock, — a  fact  by  no  means  obliging 
us  to  imagine,  as  some  think,  that  the  polishing  and  grooving  action 
was,  as  a  whole,  anterior  in  date  to  the  transportation  of  the  erratics. 
During  the  successive  depression  of  high  land,  varj'ing  originally  in 
height  from  1000  to  3000  feet  above  the  sea-level,  every  portion  of 
the  surface  would  be  brought  down  by  turns  to  the  level  of  the  ocean, 
so  as  to  be  converted  first  into  a  coast-line,  and  then  into  a  shoal ;  and 
at  length,  after  being  well  scored  by  the  stranding  upon  it  of  thousands 
of  icebergs,  might  be  sunk  to  a  depth  of  several  hundred  fathoms. 
By  the  constant  depression  of  land,  the  coast  would  recede  farther 
and  farther  from  the  successively  formed  zones  of  polished  and  striated 
rock,  each  outer  zone  becoming  in  its  turn  so  deep  under  water  as  to 
be  no  longer  grated  upon  by  the  heaviest  icebergs.  Such  sunken 
areas  would  then  simply  serve  as  receptacles  of  mud,  sand,  and 
boulders  dropped  from  melting  ice,  perhaps  to  a  depth,  scarcely,  if  at 

*  Travels  in  N.  America,  vol  ii.  p.  141.  f  Ibid.,  p.  99.  chap.  six. 

K  4 


136  STRIATED  PEBBLES  AND  BOULDERS.  [Ck.  XIL 

all,  inhabited  by  testacea  and  zoophytes.  Meanwhile,  daring  the  forma- 
tion of  the  unstratified  and  unfossiliferous  mass  in  deeper  water,  the 
smoothing  and  furrowing  of  shoak  and  beachea  is  sdli  going  on  else- 
where upon  and  near  the  coast  in  fall  activity.  If  at  length  the 
subsidence  should  cease,  and  the  direction  of  the  movement  of  the 
earth's  crust  be  reversed,  the  sunken  area  covered  with  drift  would 
be  slowly  reconverted  into  land.  The  boulder  deposit,  before  emerging, 
would  then  for  a  time  be  brought  within  the  action  of  the  waves^  tides, 
and  currents,  so  that  its  upper  portion,  being  partially  disturbed, 
would  have  its  materials  rearranged  and  stratified.  Streams  also 
flowing  from  the  land  would  in  some  places  throw  down  layers  of 
sediment  upon  the  ft'//.  In  that  case,  the  order  of  superposition  will 
be,  first  and  uppermost,  sand,  loam,  and  gravel  occasionally  fossiliferons; 
secondly,  an  unstratified  and  unfossiliferous  mass,  for  the  most  part 
of  much  older  date  than  the  preceding,  with  angular  erratics,  or  with 
boulders  interspersed ;  and,  thirdly,  beneath  the  whole,  a  surface  of 
polished  and  furrowed  rock.  Such  a  succession  of  events  seems  to 
have  prevailed  very  widely  on  both  sides  of  the  Atlantic,  the  travelled 
blocks  having  been  carried  in  general  from  the  North  Pole  south- 
wards, but  mountain  chains  having  in  some  cases  served  as  inde- 
pendent centres  of  dispersion,  of  which  the  Alps  present  the  most 
conspicuous  example. 

It  is  by  no  means  rare  to  meet  with  boulders  imbedded  in  drift 
which  are  worn  flat  on  one  or  more  of  their  sides,  the  surface  being 
at  the  same  time  polished,  furrowed,  and  striated.  They  may  have 
been  so  shaped  in  a  glacier  before  they  reached  the  sea,  or  when  they 
were  fixed  in  the  bottom  of  an  iceberg  as  it  ran  aground.  We  learn 
from  I^fr.  Charles  Martins  that  the  glaciers  of  Spitzbergen  project 
from  the  coast  into  a  sea  between  100  and  400  feet  deep ;  and  that 
numbers  of  striated  pebbles  or  blocks  are  there  seen  to  disengage 
themselves  from  the  overhanging  masses  of  ice  as  they  melt,  so  as  to 
fall  at  once  into  deep  water.* 

That  they  should  retain  such  markings  when  again  upraised  above 
the  sea  ought  not  to  surprise  us,  when  we  remember  that  rippled 
sands,  and  the  cracks  in  clay  dried  between  high  and  low  water,  and 
the  foot-tracks  of  animals  and  rain-drops  impressed  on  mud,  and  other 
superficial  markings,  are  all  found  fossil  in  rocks  of  various  ages. 

On  the  other  hand,  it  is  not  diflicult  to  account  for  the  absence  in 
many  districts  of  striated  and  scored  pebbles  and  boulders  in  glacial 
deposits,  for  they  may  have  been  exposed  to  the  action  of  the  waves 
on  a  coast  while  it  was  sinking  beneath  or  rising  above  the  sea.  No 
shingle  on  an  ordinary  sea-beach  exhibits  such  striae,  and  at  a  very 
short  distance  from  the  termination  of  a  glacier  every  stone  in  the 
bed  of  the  torrent  which  gushes  out  from  the  melting  ice  is  found  to 
have  lost  its  glacial  markings  by  being  rolled  for  a  distance  even  of  a 
few  hundred  yards. 

The  usual  dearth  of  fossil  shells  in  glacial  clays  well  fitted  to  pre- 
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serve  organic  remains  may,  perhaps,  be  owing,  as  already  hinted,  to 
the  absence  of  testacea  in  the  deep  sea,  where  the  undisturbed  accu- 
mulation of  boulders  melted  out  of  very  large  bergs  may  take  place. 
In  the  ^gean  and  other  parts  of  the  Mediterranean,  the  zero  of 
animal  life,  according  to  Prof.  E,  Forbes,  is  reached  at  a  depth  of  about 
300  fathoms.  In  tropical  seas  it  would  descend  farther  down,  just  as 
vegetation  ascends  higher  on  the  mountains  of  hot  countries.  Near 
the  pole,  on  the  other  hand,  the  same  zero  would  be  reached  much 
sooner  both  on  the  hills  and  in  the  sea.  If  the  ocean  was  filled  with 
floating  bergs,  and  a  low  temperature  prevailed  in  the  northern 
hemisphere  during  the  glacial  period,  even  the  shallow  part  of  the 
sea  might  have  been  uninhabitable,  or  very  thinly  peopled  with  living 
beings.  It  may  also  be  remarked  that  the  melting  of  ice  in  some 
fiords  in  Norway  freshens  the  water  so  as  to  destroy  marine  life,  and 
famines  have  been  caused  in  Iceland  by  the  stranding  of  icebergs 
drifted  from  the  Greenland  coast,  which  have  required  several  years 
to  melt,  and  have  not  only  prevented  the  ripening  of  grain  by  cooling 
the  atmosphere,  but  have  driven  away  the  fish  from  the  shore  by 
chilling  and  freshening  the  sea. 

If  the  cold  of  the  glacial  epoch  came  on  slowly,  if  it  was  long 
before  it  rei^ched  its  greatest  intensity,  and  again  if  it  abated  gradu- 
ally, we  may  expect  to  find  the  earliest  and  latest  formed  drift  less 
barren  of  organic  remains  than  that  deposited  during  the  coldest 
period.  We  may  also  expect  that  along  the  southern  limits  of  the 
drift  during  the  whole  glacial  epoch,  there  would  be  an  intimate 
association  of  transported  matter  of  northern  origin  with  fossil- 
bearing  sediment,  whether  marine  or  freshwater,  belonging  to  more 
southern  seas,  rivers,  and  continents. 

That  in  the  United  States,  the  Mastodon  giganteus  was  very 
abundant  after  the  drift  period  is  evident  from  the  fact  that  entire 
skeletons  of  this  animal  are  met  with  in  bogs  and  lacustrine  deposits 
occupying  hollows  in  tlie  drift.  They  sometimes  occur  in  the  bottom 
even  of  small  ponds  recently  drained  by  the  agriculturist  for  the  sake 
of  the  shell  marl.  I  examined  one  of  these  spots  at  Geneseo  in  the 
State  of  New  York,  from  which  the  bones,  skull,  and  tusk  of  a  Mas- 
todon had  been  procured  in  the  marl  below  a  layer  of  black  peaty 
earth,  and  ascertained  that  all  the  associated  freshwater  and  laud 
shells  were  of  species  now  common  in  the  same  district.  They  con- 
sisted of  several  species  of  Lymnea^  of  Planorbis  bicarinatusj  I^ysa 
heierostropha,  &c. 

In  1845  no  less  than  six  skeletons  of  the  same  Mastodon  were 
found  in  Warren  County,  New  Jersey,  6  feet  below  the  surface, 
by  a  farmer  who  was  digging  out  the  rich  mud  from  a  small  pond 
which  he  had  drained.  Five  of  these  skeletons  were  lying  together, 
and  a  lai'ge  part  of  the  bones  crumbled  to  pieces  as  soon  as  they  were 
exposed  to  tlie  air.  But  nearly  the  whole  of  the  other  skeleton,  which 
lay  about  10  feet  apart  from  the  rest,  was  preserved  entire,  and 
proved  the  correctness  of  Cuvier's  conjecture  respecting  this  extinct 
•  animal,  namely,  that  it  had  twenty  ribs  like  the  living  elephant. 
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From  the  claj  in  the  interior  widiin  tlie  ribs,  joat  where  the  contents 
of  the  stomach  might  natunllj  hare  been  hxiked  for,  seren  hoshdsof 
T^etahle  matter  were  extracted.  I  submitted  same  of  this  matter  to 
Mr.  A.  Henfrej  of  London  for  micioecopic  eYaminationy  and  he 
informs  me  that  it  consists  of  pieees  of  small  twigs  of  a  eoniferoos 
tree  of  the  Cj^ress  famflj,  probaUj  the  jonng  thooto  of  the  white 
cedar,  JTkmja  oecidemiaiis,  still  a  natire  of  North  America,  on  which 
therefore  we  maj  oondode  that  this  extinct  Mastodon  once  fed. 

Another  specimen  of  the  same  qoadrnped,  the  most  cam|toe  and 
probably  the  largest  erer  found,  was  exhomed  in  1845  in  the  town  ci 
Newborg,  New  York,  the  length  of  the  sk^ton  beii^  25  feet,  and 
its  height  12  feet.  The  anchjlosing  of  the  two  last  ribs  on  the  right 
side  afforded  Dr.  John  C.  Warren  a  trde  gauge  for  the  space  occu- 
pied bj  the  interrertelHrate  substance,  so  as  to  enable  him  to  form  a 
correct  estimate  of  the  entire  lei^th.  The  Uuka  when  diseoTered 
were  10  feet  long,  but  a  part  onlj  could  be  luneeenred.  The  large 
proporticm  of  animal  matter  in  the  tusk,  teeth,  and  bones  of  some  isi 
these  fossil  mammalia  is  truly  astonishing.^  It  amounts  in  some  cases, 
as  Dr.  C.  T.Jackson  has  ascertained  bj  analysis,  to  27  per  cent,  so  that 
when  all  the  earth  j  ingredients  are  remoTed  b  j  adds,  the  form  of  the 
bone  remains  as  perfect,  and  the  mass  of  animal  matter  is  almost  as 
firm,  as  in  a  recent  bone  subjected  to  similar  treatment. 

It  would  be  rash,  howeyer,  to  infer  from  such  data  that  these  qua- 
drupeds were  mired  in  modem  times^  unless  we  use  that  term  strictly 
in  a  geological  sense.  I  have  shown  that  there  is  a  fluriatile  de- 
posit in  the  yalley  of  the  Niagara,  containing  shells  of  the  genera 
3lelania,  Zynuieo,  Ptanarhis^  ValvatcL,  CyelaSj  Umio,  and  HeliXy  he^ 
all  of  recent  species,  from  which  the  bones  of  the  great  Mastodon 
have  been  taken  in  a  very  perfect  state.  Yet  the  whole  excavation 
of  the  ravine,  for  many  miles  below  the  Falls,  has  been  slowly  effected 
since  that  fluviatile  deposit  was  thrown  down. 

Whether  or  not,  in  assigning  a  period  of  more  than  30,000  years  for 
the  recession  of  the  Falls  from  Qoeenstown  to  their  present  site,  I  have 
over  or  under  estimated  the  time  required  for  that  operation,  no  one 
can  doubt  that  a  vast  number  of  centuries  must  have  elapsed  before 
so  great  a  series  of  geographical  changes  were  brought  about  as  have 
occurred  since  the  entombment  of  this  elephantine  quadruped.  The 
freshwater  gravel  which  incloses  it  is  decidedly  of  much  more  modern 
origin  than  the  drift  or  boulder  clay  of  the  same  region.^ 

Other  extinct  animals  accompany  the  Mastodon  giganteus  in  the 
post-glacial  deposiU  of  the  United  States,  among  which  the  Outo- 
roides  ohioensis,  Wyman,  a  huge  rodent  allied  to  the  beaver,  and 
the  Capybara  may  be  mentioned.  But  whether  the  "loess,"  and 
other  freshwater  and  marine  strata  of  the  Southern  States,  in  which 
skeletons  of  the  same  Mastodon  are  mingled  with  the  bones  of  the 
Megatherium,  Mylodon,  and  Megalonyx,  were  contemporaneous  with 
the  drift,  or  were  of  subsequent  date,  is  a  chronological  question  still 
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Open  to  discussion.  It  appears  clear,  however,  from  what  we  know 
of  the  tertiary  fossils  of  Europe  —  and  I  believe  the  same  will  hold 
true  in  North  America — that  many  species  of  testacea  and  some 
mammalia,  which  existed  prior  to  the  glacial  epoch,  survived  that 
era.  As  European  examples  among  the  warm-blooded  quadrupeds, 
the  Elephas  primigenius  and  Rhinoceros  tichorinus  may  be  mentioned. 
As  to  the  sheUs,  whether  freshwater,  terrestrial,  or  marine,  they  need 
not  be  enumerated  here,  as  allusion  will  be  made  to  them  in  the 
sequel,  when  the  pliocene  tertiary  fossils  of  Suffolk  are  described. 
The  fact  is  important,  as  refuting  the  hypothesis  that  the  cold  of  the 
glacial  period  was  so  intense  and  universal  as  to  annihilate  all  living 
creatures  throagliout  the  globe. 

That  the  cold  was  greater  for  a  time  than  it  is  now  in  certain  parts 
of  Siberia,  Europe,  and  Nortli  America,  will  not  be  ^disputed  ;  but, 
before  we  can  infer  the  universality  of  a  colder  climate,  we  must 
ascertain  what  was  the  condition  of  other  parts  of  the  northern,  and 
of  the  whole  southern,  hemisphere  at  the  time  when  the  Scandinavian, 
British,  and  Alpine  erratics  were  transported  into  their  present 
position.  It  must  not  be  forgotten  that  a  great  deposit  of  drift  and 
erratic  blocks  is  now  in  full  progress  of  formation  in  the  southern 
hemisphere,  in  a  zone  corresponding  in  latitude  to  the  Baltic,  and  to 
Northern  Italy,  Switzerland,  France,  and  England.  Should  the 
uneven  bed  of  the  southern  ocean  be  hereafter  converted  by  upheaval 
into  land,  the  hills  and  valleys  will  be  strewed  over  with  transported 
fragments,  some  derived  from  the  antarctic  continent,  others  from 
islands  covered  with  glaciers,  like  South  Georgia,  which  must  now  be 
centres  of  the  dispersion  of  drift,  although  situated  in  a  latitude 
agreeing  with  that  of  the  Cumberland  mountains  in  England. 

Not  only  are  these  operations  going  on  between  the  4^th  and  60th 
parallels  of  latitude  south  of  the  line,  while  the  corresponding  zone 
of  Europe  is  free  from  ice ;  but,  what  is  still  more  worthy  of  remark, 
we  find  in  the  southern  hemisphere  itself,  only  900  miles  distant 
from  South  Georgia,  where  the  perpetual  snow  reaches  to  the  sea- 
beach,  lands  covered  with  forests,  as  in  Terra  del  Fuego.  There  is 
here  no  difference  of  latitude  to  account  for  the  luxuriance  of 
vegetation  in  one  spot,  and  the  absolute  want  of  it  in  the  other  ;  but 
among  other  refrigerating  causes  in  South  Georgia  may  be  enu- 
merated the  countless  icebergs  which  float  from  the  antarctic  zone, 
and  which  chill,  as  they  melt,  the  waters  of  the  ocean,  and  the  sur« 
rounding  air,  which  they  fill  with  dense  fogs. 

I  have  endeavoured  in  the  "  Principles  of  Geology,"  chapters 
7  and  8,  to  point  out  the  intimate  connexion  of  climate  and  the 
physical  geography  of  the  globe,  and  the  dependence  of  the  mean 
annual  temperature,  not  only  on  the  height  of  the  dry  land,  but  on 
its  distribution  in  high  or  low  latitudes  at  particular  epochs.  If, 
for  example,  at  certain  periods  of  the  past,  the  antarctic  land  was  less 
elevated  and  less  extensive  than  now,  while  that  at  the  north  pole 
was  higher  and  more  continuous,  the  conditions  of  the  northern 
and  southern  hemispheres  might  have  been  the  reverse  of  what  we 
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now  witness  in  regard  to  climate,  although  the  mountains  of  Scan- 
dinavia, Scotland,  and  Switzerland  may  have  been  less  elevated  than 
at  present.  But  if  in  both  of  the  polar  regions  a  considerable 
area  of  elevated  dry  land  existed,  such  a  concurrence  of  refrigerating 
conditions  in  both  hemispheres  might  have  created  for  a  time  an  in- 
tensity of  cold  never  experienced  since ;  and  such  probably  was  the 
state  of  things  during  that  period  of  submergence  to  which  I  have 
alluded  in  this  chapter. 

Alpine  erratics. — Although  the  arctic  regions  constitute  the  great 
centre  from  which  erratics  have  travelled  southwards  in  all  directions 
in  Europe  and  North  America,  yet  there  are  some  mountains,  as  I 
have  already  stated,  like  those  of  North  Wales  and  the  Alps,  which 
have  served  as  separate  and  independent  centres  for  the  dispersion  of 
blocks.  In  illustration  of  this  fact,  the  Alps  deserve  particular  atten- 
tion, not  only  from  their  magnitude,  but  because  they  lie  beyond  the 
ordinary  limits  of  the  '^northern  drift"  of  Europe,  being  situated 
between  the  44th  and  47th  degrees  of  north  latitude.  On  the  flanks 
of  these  mountains,  and  on  the  Subalpine  ranges  of  hills  or  plains 
adjoining  than,  those  appearances  which  have  been  so  often  alluded 
to,  as  distinguishing  or  accompanying  the  drift,  between  the  50th  and 
70th  parallels  of  north  latitude,  suddenly  reappear,  to  assume  in  a 
more  southern  country  their  most  exaggerated  form.  Where  the 
Alps  are  highest,  the  largest  erratic  blocks  have  been  sent  forth,  as, 
for  example,  from  the  regions  of  Mont  Blanc  and  Monte  Bosa,  into 
the  adjoining  parts  of  France,  Switzerland,  Austria,  and  Italy,  while 
in  districts  where  the  great  chain  sinks  in  altitude,  as  in  Carinthia, 
Carniola,  and  elsewhere,  no  such  rocky  fragments,  or  a  few  only  and 
of  smaller  bulk,  have  been  detached  and  transported  to  a  distance. 

In  the  year  1821,  M.  Venetz  first  announced  his  opinion  that  the 
Alpine  glaciers  must  formerly  have  extended  far  beyond  their  present 
limits,  and  the  proofs  appe&led  to  by  him  in  confirmation  of  this 
doctrine  were  afterwards  acknowledged  by  M.  Charpentier,  who 
strengthened  them  by  new  observations  and  arguments,  and  declared, 
in  1836,  his  conviction  that  the  glaciers  of  the  Alps  must  once  have 
reached  as  far  as  the  Jura,  and  have  carried  thither  their  moraines 
across  the  great  valley  of  Switzerland.  M.  Agassiz,  after  several  ex- 
cursions in  the  Alps  with  M.  Charpentier,  and  after  devoting  himself 
some  years  to  the  study  of  glaciei*s,  published,  in  1840,  an  admirable 
description  of  them,  and  of  the  marks  which  attest  the  former  action 
of  great  masses  of  ice  over  the  entire  surface  of  the  Alps  and  the  sur- 
rounding country.*  He  pointed  out  that  the  surface  of  every  large 
glacier  is  strewed  over  with  gravel  and  stones  detached  from  the 
surrounding  precipices  by  frost,  rain,  lightning,  or  avalanches.  And 
he  described  more  carefully  than  preceding  writers  the  long  lines  of 
these  stones,  which  settle  on  the  sides  of  the  glacier,  and  are  called 
the  lateral  moraines  ;  those  fbund  at  the  lower  end  of  the  ice  being 
called  terminal  moraines*     Such  heaps  of  earth  and  boulders  every 
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glacier  pushes  before  it  when  advancing,  and  leaves  behind  it  when 
retreating.  When  the  Alpine  glacier  reaches  a  lower  and  warmer 
situation,  about  3000  or  4000  feet  above  the  sea,  it  melts  so  rapidly 
that,  in  spite  of  the  downward  movement  of  the  mass,  it  can  advance 
no  farther.  Its  precise  limits  are  variable  from  jear  to  year,  and  still 
more  so  from  century  to  century ;  one  example  being  on  record  of  a 
recession  of  half  a  mile  in  a  single  year.  We  also  learn  from  M. 
Venetz,  that  whereas,  between  the  eleventh  and  fifteenth  centuries, 
all  the  Alpine  glaciers  were  less  advanced  than  now,  they  began  in 
the  seventeenth  and  eighteenth  centuries  to  push  forward  so  as  to 
cover  roads  formerly  open,  and  to  overwhelm  forests  of  ancient  growth. 

These  oscillations  enable  the  geologist  to  note  the  marks  which  they 
leave  behind  them  as  they  retrograde,  and  among  these  the  most  pro- 
minent, as  before  stated,  are  the  terminal  moraines,  or  mounds  of  un- 
stratified  earth  and  stones,  often  divided  by  subsequent  floods  into 
hillocks,  which  cross  the  valley  like  ancient  earth-works,  or  embank- 
ments made  to  dam  up  the  river.  Some  of  these  transverse  barriers 
were  formerly  pointed  out  by  Saussure  below  the  glacier  of  the  Rhone, 
as  proving  how  far  it  had  once  transgressed  its  present  boundnries. 
On  these  moraines  we  see  many  large  angular  fragments,  which, 
having  been  carried  along  on  the  surface  of  the  ice,  have  not  had 
their  edges  worn  off  by  friction ;  but  the  greater  number  of  the 
boulders,  even  those  of  large  size,  have  been  well  rounded,  not  by  the 
power  of  water,  but  by  the  mechanical  force  of  the  ice,  which  has 
pushed  them  against  each  other,  or  against  the  rocks  flanking  the 
valley.  Others  have  fallen  down  the  numerous  fissures  which  intersect 
the  glacier,  where,  being  subject  to  the  pressure  of  the  whole  mass  of 
ice,  they  have  been  forced  along,  and  either  well  rounded  or  ground 
down  into  sand,  or  even  the  finest  mud,  of  which  the  moraine  is 
largely  constituted. 

As  the  terminal  moraines  are  the  most  prominent  of  all  the  monu- 
ments left  by  a  receding  glacier,  so  are  they  the  most  liable  to  obli- 
teration ;  for  violent  floods  or  debacles  are  often  occasioned  in  the 
Alps  by  the  sudden  bursting  of  what  are  called  glacier-lakes.  These 
temporary  sheets  of  water  are  caused  by  the  damming  up  of  a  river 
by  a  glacier  which  has  increased  during  a  succession  of  cold  seasons, 
and,  descending  from  a  tributary  into  the  main  valley,  has  crossed  it 
from  side  to  side.  On  the  failure  of  this  icy  barrier,  the  accumulated 
waters  are  let  loose,  which  sweep  away  and  level  all  transverse  mounds 
of  gravel  and  loose  boulders  below,  and  spread  their  materials  in  con- 
fused and  irregular  beds  over  the  river-plain. 

Another  mark  of  the  former  action  of  glaciers,  in  situations  where 
they  exist  no  longer,  is  the  polished,  striated,  and  grooved  surfaces  of 
rocks  already  alluded  to.  •  Stones  which  lie  underneath  the  glacier 
and  are  pushed  along  by  it,  sometimes  adhere  to  the  ice,  and  as  the 
mass  glides  slowly  along  at  the  rate  of  a  few  inches,  or  at  the  utmost 
two  or  three  feet,  per  day,  abrade,  groove,  and  polish  the  rock,  and 
the  larger  blocks  are  reciprocally  grooved  and  polisHed  by  the  rock 
on  their  lower  sides.    As  the  forces  both  of  pressure  and  propulsion 
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are  enormous,  the  sand,  acting  like  emery,  polishes  the  surface ;  the 
pebbles,  like  coarse  gravers,  scratch  and  furrow  it ;  and  the  large 
stones  scoop  out  grooves  in  it  Another  effect  also  of  this  action  not 
yet  adverted  to,  is  called  "  roches  moutonn^es."  Projecting  eminences 
of  rock  are  smoothed  and  worn  into  the  shape  of  flattened  domes 
where  the  glaciers  have  passed  over  them. 

Although  the  surface  of  almost  every  kind  of  rock,  when  exposed 
in  the  open  air,  wastes  away  by  decomposition,  yet  some  retain  for 
ages  their  polished  and  furrowed  exterior ;  and,  if  they  are  well  pro- 
tected by  a  covering  of  clay  or  turf,  these  marks  of  abrasion  seem 
capable  of  enduring  for  ever.  They  have  been  traced  in  the  Alps  to 
great  heights  above  the  present  glaciers,  and  to  great  horizontal  dis- 
tances beyon^  them. 

There  are  also  found,  on  the  sides  of  the  Swiss  valleys,  round  and 
deep  holes,  with  polished  sides,  such  holes  as  waterfalls  make  in  the 
solid  rock,  but  in  places  remote  from  running  waters,  and  where  the 
form  of  the  surface  will  not  permit  us  to  suppose  that  any  cascade 
could  ever  have  existed.  Similar  cavities  are  common  in  hard  rocks, 
such  as  gneiss,  in  Sweden,  where  they  are  called  giant  caldrons,  and 
are  sometimes  10  feet  and  more  in  depth ;  but  in  the  Alps  and  Jura 
they  often  pass  into  spoon -shaped  excavations  and  prolonged  gutters. 
We  learn  from  M.  Agassiz  that  hollows  of  this  form  are  now  cut  out 
by  streams  of  water,  which  flow  along  the  surface  of  glaciers,  and 
then  fall  into  fissures  which  are  open  to  the  bottom.  Here,  forming 
a  cascade,  the  stream  cuts  a  round  cavity  in  the  rock  with  the  gravel 
and  sand,  which  it  either  finds  there  or  carries  down  with  it,  and 
causes  to  rotate;  and,  as  it  usually  happens  that  the  glacier  is 
advancing,  a  locomotive  cascade  is  produced,  which  converts  the  first 
circular  hole  into  a  deep  groove. 

Another  effect  of  a  glacier  is  to  lodge  a  ring  of  stones  round  the 
summit  of  a  conical  peak  which  may  happen  to  project  through  the 
ice.  If  the  glacier  is  lowered  greatly  by  melting,  these  circles  of 
large  angular  fragments,  which  are  called  "  perched  blocks,"  arc  left 
in  a  singular  situation  near  the  top  of  a  steep  hill  or  pinnacle,  the 
lower  parts  of  which  may  be  destitute  of  boulders. 

Alpine  blocks  on  the  Jura. — Now  some  or  all  the  marks  above 
enumerated, — the  moraines,  erratics,  polished  surfaces^  domes,  striae, 
caldrons,  and  perched  rocks,  are  observed  in  the  Alps  at  great  heights 
above  the  present  glaciers,  and  far  below  their  actual  extremities ; 
also  in  the  great  valley  of  Switzerland,  50  miles  broad ;  and  almost 
everywhere  on  the  Jura,  a  chain  which  lies  to  the  north  of  this 
valley.  The  average  height  of  the  Jura  is  about  one  third  that  of 
the  Alps,  and  is  now  entirely  destitute  of  glaciers,  yet  it  presents 
almost  everywhere  similar  moraines,  and  the  same  polished  and 
grooved  surfaces,  and  water-worn  cavities.  The  erratics,  moreover, 
which  cover  it,  present  a  phenomenon  which  has  astonished  and  per- 
plexed the  geologist  for  more  than  half  a  century.  No  conclusion 
can  be  more  incontestible  than  that  these  angular  blocks  of  granite, 
gneiss,  and  other  crystalline  formations,  came  from  the  Alps,  and  that 
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thej  have  been  brought  for  a  distance  of  50  miles  and  upwards 
across  one  of  the  widest  and  deepest  valleys  of  the  world,  so  that  they 
are  now  lodged  on  the  hills  and  valleys  of  a  chain  composed  of  lime- 
atone  and  other  formations,  altogether  distinct  from  those  of  the  Alps. 
Their  great  size  and  angularity,  after  a  journey  of  so  many  leagues, 
has  justly  excited  wonder  ;  for  hundreds  of  them  are  as  large  as  cot- 
tages ;  and  one  in  particular,  celebrated  under  the  name  of  Pierre  k 
Bot,  rests  on  the  side  of  a  hill  about  900  feet  above  the  lake  of  Neuf- 
chatel,  and  is  no  less  than  40  feet  in  diameter. 

It  will  be  remarked  that  these  blocks  on  the  Jura  offer  an  excep- 
tion to  the  rule  before  laid  down,  as  applicable  in  general  to  erratics, 
•MDce  they  have  gone  from  south  to  north.  Some  of  the  largest 
masses  of  granite  and  gneiss  have  been  found  to  contain  50,000  and 
60,000  cubic  feet  of  stone,  and  one  limestone  block  near  Devens, 
which  has  travelled  30  miles,  contains  161,000  cubic  feet,  its  angles 
being  sharp  and  unworn.* 

Yon  Buch,  Escher,  and  Studer  have  shown,  from  an  examination 
of  the  mineral  composition  of  the  boulders,  that  those  on  the  western 
Jura,  near  Neufchatel,  have  come  from  the  region  of  Mont  Blanc 
and  the  Yalais ;  those  on  the  middle  parts  of  the  Jura  from  the  Ber- 
nese Oberland ;  and  those  on  the  eastern  Jura  from  the  Alps  of  the 
small  cantons,  Glaris,  Schwjtz,  Uri,  and  Zug.  The  blocks,  there- 
fore, of  these  three  great  districts  have  been  derived  from  parts  of 
the  Alps  nearest  to  the  localities  in  the  Jura  where  we  now  find  them, 
aa  if  they  had  crossed  the  great  valley  in  a  direction  at  right  angles 
to  its  length :  the  most  western  stream  having  followed  the  course  of 
the  Rhone ;  the  central,  that  of  the  Aar ;  and  the  eastern,  that  of 
the  two  great  rivers,  Reuss  and  Limmat.  The  non-intermixture  of 
these  groups  of  travelled  fragments,  except  near  their  confines,  was 
always  regarded  as  most  enigmatical  by  those  who  adopted  the  opinion 
of  Saussure,  that  they  were  all  whirled  along  by  a  rapid  current  of 
muddy  water  rushing  from  the  Alps. 

M.  Charpentier  first  suggested,  as  before  mentioned,  that  the  Swiss 
glaciers  once  reached  continuously  to  the  Jura,  and  conveyed  to  them 
these  erratics ;  but  at  the  same  time  he  conceived  that  the  Alps  were 
formerly  higher  than  now.  ^L  Agassiz,  on  the  other  hand,  instead 
of  introducing  distinct  and  separate  glaciers,  imagines  that  the  whole 
valley  of  Switzerland  was  filled  with  ice,  and  that  one  great  sheet  of 
it  extended  from  the  Alps  to  the  Jura,  when  the  two  chains  were  of 
the  same  height  as  now  relatively  to  each  other.  Such  an  hypothesis 
labours  under  this  difficulty,  that  the  difiercnce  of  altitude,  when  dis- 
tributed over  a  space  of  50  miles,  gives  an  inclination  of  no  more 
than  two  degrees,  or  far  less  than  that  of  any  known  glaciers.  It  has, 
however,  since  received  the  able  support  of  Professor  James  Forbes 
in  his  excellent  work  on  the  Alps,  published  in  1843. 

In  the  theory  which  I  formerly  advanced,  jointly  with  Mr.  Darwin  "f, 

*  ArchiaCfUist  dcsFrogr^8,&c.YoLii.  t  Sco  Elements  of  Geology,  2d  ed. 
p.  849.  1841. 
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it  was  suggested  that  the  erratics  maj  have  been  transferred  bj  float- 
ing ice  to  the  Jura,  at  the  time  when  the  greater  part  of  that  chain, 
and  the  whole  of  the  Swiss  vallej  to  the  south,  was  under  the  sea. 
At  that  period  the  Alps  maj  have  attained  onlj  half  their  present 
altitude,  and  may  jet  have  constituted  a  chain  as  loftj  as  the  Chilian 
Andes,  which,  in  a  latitude  corresponding  to  Switzerland,  now  send 
down  glaciers  to  the  head  of  every  sound,  from  which  icebergs 
covered  with  blocks  of  granite,  are  floated  seaward.*  Opposite  that 
part  of  Chili  where  the  glaciers  abound  is  situated  the  island  ot 
Chiloe,  100  miles  in  length,  with  a  breadth  of  30  miles,  running 
parallel  to  the  continent.  The  channel  which  separates  it  from  the 
main  land  is  of  considerable  depth,  and  25  miles  broad.  Parts 
of  its  surface,  like  the  adjacent  coast  of  Chili,  are  overspread  with 
recent  marine  shells,  showing  an  upheaval  of  the  land  during  a 
very  modern  period ;  and  beneath  these  shells  is  a  boulder  deposit, 
in  which  Mr.  Darwin  found  large  travelled  blocks.  One  group  of 
fragments  were  of  granite,  which  had  evidently  come  from  the  Andes, 
while  in  another  place  angular  blocks  of  syenite  were  met  with.  ^ 
Their  arrangement  may  have  been  due  to  successive  crops  of  ice- 
bergs issuing  from  different  sounds,  to  the  heads  of  which  glaciers 
descend  from  the  Andes.  These  icebergs,  taking  their  departure 
year  after  year  from  distinct  points,  may  have  been  stranded  re- 
peatedly, in  equally  distinct  groups,  in  bays  or  creeks  of  Chiloe,  and 
on  islets  off  the  coast,  so  as  afterwards  to  appear,  some  on  hills  and 
others  in  valleys  when  that  country  and  the  bed  of  the  adjacent  sea 
had  been  upheaved.  A  continuance  in  future  of  the  elevatory  move- 
ment, in  the  region  of  the  Andes  and  of  Chiloe,  might  cause  the 
former  chain  to  rival  the  Alps  in  altitude,  and  give  to  Chiloe  a  height 
equal  to  that  of  the  Jura.  The  same  rise  might  dry  up  the  channel 
between  Chiloe  and  the  main  land,  so  that  it  would  then  represent 
the  great  valley  of  Switzerland.  In  the  course  of  these  changes,  all 
parts  of  Chiloe  and  the  intervening  strait,  having  in  their  turn  been  a 
sea-shore,  may  have  been  polished  and  scratched  by  coast-ice,  and  by 
innumerable  icebergs  running  aground  and  grating  on  the  bottom. 

If  we  apply  this  hypothesis  to  Switzerland  and  the  Jura,  we  are  by 
no  means  precluded  from  the  supposition  that,  in  proportion  as  the 
land  acquired  additional  height,  and  the  bed  of  the  sea  emerged,  the 
Jura  itself  may  have  had  its  glaciers ;  and  those  existing  in  the  Alps, 
which  had  at  first  extended  to  the  sea,  may,  during  some  part  of  the 
period  of  upheaval,  have  been  prolonged  much  farther  into  the  valleys 
than  now.  At  a  later  period,  when  the  climate  grew  milder,  these 
glaciers  may  have  entirely  disappeared  from  the  Jura,  and  may  have 
receded  in  the  Alps  to  their  present  limits,  leaving  behind  them  in 
both  districts  those  moraines  which  now  attest  the  former  extension 
of  the  ice.f 

♦  Darwin's  Journal,  p.  283.  of  Mont  Blanc  were  translated  to  the 

t  More    recently  Sir  R  Marchison,  Jura  when  the  intermediate  country  was 

having  revisited  the  Alps,  has  declared  underwater.** — Paper  read  to  Gcol.  Soc. 

his  opinion  that  **  the  great  granitic  blocks  London,  May  30.  1849. 
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Meteorites  in  drift. — Before  concluding  my  remarks  on  the  north- 
ern drift  of  the  Old  World,  I  shall  refer  to  a  fact  recently  an- 
nounced, the  discoTcrj  of  a  meteoric  stone  at  a  great  depth  in  the 
alluvium  of  Northern  Asia. 

Erman,  in  his  Archives  of  Russia  for  1841  (p.  314.),  cites  a  very 
circumstantial  account  drawn  up  by  a  Russian  miner  of  the  finding 
of  a  mass  of  meteoric  iron  in  the  auriferous  alluvium  of  the  Altai. 
Some  small  fragments  of  native  iron  were  first  met  with  in  the  gold- 
washings  of  Petropawlowsker  in  the  Mrassker  Circle ;  but  though 
they  attracted  attention,  it  was  supposed  that  they  must  have  been 
broken  off  from  the  tools  of  the  workmen.  At  lengthy  at  the  depth 
of  31  feet  5  inches  from  the  surface,  they  dug  out  a  piece  of  iron 
weighing  17-}  pounds,  of  a  steel-grey  colour,  somewhat  harder  than 
ordinary  iron,  and,  on  analysing  it,  found  it  to  consist  of  native  iron, 
with  a  small  proportion  of  nickel,  as  usual  in  meteoric  stones.  It 
was  buried  in  the  bottom  of  the  deposit  where  the  gravel  rested 
on  a  flaggy  limestone.  Much  brown  iron  ore,  as  well  as  gold,  occurs 
in  the  same  gravel,  which  appears  to  be  part  of  that  extensive  auri- 
ferous formation  in  which  the  bones  of  the  mammoth,  the  Rhinoceros 
tichorhinuSy  and  other  extinct  quadrupeds  abound.  No  sufficient  data 
are  supplied  to  enable  us  to  determine  whether  it  be  of  Post-Pliocene 
or  Newer  Pliocene  date. 

We  ought  not,  I  think,  to  feel  surprise  that  we  have  not  hitherto 
succeeded  in  detecting  the  signs  of  such  aerolites  in  older  rocks,  for, 
besides  their  rarity  in  our  own  days,  those  which  fell  into  the  sea 
(and  it  is  with  marine  strata  that  geologists  have  usually  to  deal), 
being  chiefly  composed  of  native  iron,  would  rapidly  enter  into  new 
chemical  combinations,  the  water  and  mud  being  charged  with 
chloride  of  sodium  and  other  acids.  We  find  that  anchors,  cannon, 
and  other  cast-iron  implements  which  have  been  buried  for  a  few 
hundred  years  off  our  English  coast  have  decomposed  in  part  or  entirely, 
turning  the  sand  and  gravel  which  enclosed  them  into  a  conglomerate, 
cemented  together  by  oxide  of  iron.  In  like  manner  meteoric  iron, 
although  its  rusting  would  be  somewhat  checked  by  the  alloy  of 
nickel,  could  scarcely  ever  fail  to  decompose  in  the  course  of  thou- 
sands of  years,  becoming  oxide,  sulphuret  or  carbonate  of  iron,  and 
its  origin  being  then  no  longer  distinguishable.  The  greater  the 
antiquity  of  rocks, — the  oftener  they  have  been  heated  and  cooled, 
permeated  by  gases  or  by  the  waters  of  the  sea,  the  atmosphere  or 
mineral  springs, — the  smaller  must  be  the  chance  of  meeting  with  a 
mass  of  native  iron  unaltered;  but  the  preservation  of  the  ancient 
meteorite  of  the  Altai,  and  the  presence  of  nickel  in  these  curious 
bodies,  renders  the  recognition  of  them  in  deposits  of  remote  periods 
less  hopeless  than  we  might  have  anticipated. 
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CHAPTER  XIIL 

NEWER  PLIOCENE   STRATA   AND  CAVERN  DEPOSITS. 

Chronological  classification  of  Pleistocene  formations,  why  difficult  —  Freshwater 
deposits  in  valley  of  Thames — Li  Norfolk  clifft — In  Patagonia  —  Comparative 
longevity  of  species  in  the  mammalia  and  testacea  —  Fluvio-marine  crag  of 
Norwich  — Newer  Pliocene  strata  of  Sicily — Limestone  of  great  thickness  and 
elevation  —  Alternation  of  marine  and  volcanic  formations  —  Proofs  of  slow 
accumalation  —  Great  geographical  changes  in  Sicily  since  the  living  fauna  and 
flora  began  to  exist — Osseous  breccias  and  cavern  deposits — Sicily  —  Ku-kdale — 
Origin  of  stalactite — Australian  cave-breccias — Geographical  relationship  of  the 
provinces  of  living  vertebrata  and  those  of  the  fossil  species  of  the  Pliocene 
periods — Extinct  struthious  birds  of  New  Zealand — Teeth  of  fossil  quadrupeds. 

Having  in  the  last  chapter  treated  of  the  boulder  formation  and  its 
associated  freshwater  and  marine  strata  as  belonging  chiefly  to  the 
close  of  the  Newer  Pliocene  period,  we  may  now  proceed  to  other 
deposits  of  the  same  or  nearly  the  same  age.  It  should,  however,  be 
stated  that  it  is  difficult  to  draw  the  line  of  separation  between  these 
modern  formations,  especially  when  we  are  called  upon  to  compare 
deposits  of  marine  and  freshwater  origin,  or  these  again  with  the 
ossiferous  contents  of  caverns. 

If  as  often  as  the  carcasses  of  quadrupeds  were  buried  in  alluvium 
during  floods,  or  mired  in  swamps,  or  imbedded  in  lacustrine  strata, 
a  stream  of  lava  had  descended  and  preserved  the  alluvial  or  fresh- 
water deposits,  as  frequently  happened  in  Auvergne  (see  above, 
p.  80.),  keeping  them  free  from  intermixture  with  strata  subse- 
quently formed,  then  indeed  the  task  of  arranging  chronologically 
the  whole  scries  of  mammaliferous  formations  might  have  been  easy, 
even  though  many  species  were  common  to  several  successive  groups. 
But  when  there  have  been  oscillations  in  the  levels  of  the  land,  ac- 
companied by  the  widening  and  deepening  of  valleys  at  more  than 
one  period, — when  the  same  surface  has  sometimes  been  submerged 
beneath  the  sea,  after  supporting  forests  and  land  quadrupeds,  and 
then  raised  again,  and  subject  during  each  change  of  level  to  sedi- 
mentary deposition  and  partial  denudation, —  and  when  the  drifting  of 
ice  by  marine  currents  or  by  rivers,  during  an  epoch  of  intense  cold, 
has  for  a  season  interfered  with  the  ordinary  mode  of  transport,  or 
with  the  geographical  range  of  species,  we  cannot  hope  speedily  to 
extricate  ourselves  from  the  confusion  in  which  the  classification  of 
these  Pleistocene  formations  is  involved. 

At  several  points  in  the  valley  of  the  Thames,  remnants  of  ancient 
fluviatile  deposits  occur,  which  may  differ  considerably  in  age,  al- 
though the  imbedded  land  and  freshwater  shells  in  each  are  of  recent 
species.     At  Brentford,  for  example,  the  bones  of  the  Siberian  Mam- 
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moth,  or  Elephcu  primigeniusy  and  the  Rhinoceros  Hchorhinusy  both 
of  them  quadrupeds  of  which  the  flesh  and  hair  fiave  been  found 
preserved  in  the  frozen  soil  of  Siberia,  occur  abundantly,  with  the 
bones  of  an  hippopotamus,  aurochs,  short-homed  ox,  red  deer,  rein- 
deer, and  great  cave-tiger  or  lion.*  A  similar  group  has  been  found 
fossil  at  Maidstone,  in  Kent,  and  other  places,  agreeing  in  general 
specifically  with  the  fossil  bones  detected  in  the  caverns  of  England. 
When  we  see  the  existing  rein-deer  and  an  extinct  hippopotamus  in 
the  same  fluviatile  loam,  we  are  tempted  to  indulge  our  imaginations 
in  speculating  on  the  climatal  conditions  which  could  have  enabled 
these  genera  to  coexist  in  the  same  region.  Wherever  there  is  a 
continuitj  of  land  from  polar  to  temperate  and  equatorial  regions, 
there  will  always  be  points  where  the  southern  limit  of  an  arctic 
species  meets  the  northern  range  of  a  southern  species ;  and  if  one  or 
both  have  migratory  habits,  like  the  Bengal  tiger,  the  American  bison, 
the  musk  ox,  and  others,  they  may  each  penetrate  mutually  £eu:  into  the 
respective  provinces  of  the  other.  There  may  also  have  been  several 
oscillations  of  temperature  during  the  periods  which  immediately 
preceded  and  followed  the  more  intense  cold  of  the  glacial  epoch. 

The  strata  bordering  the  left  bank  of  the  Thames  at  Grays 
Thurrock,  in  Essex,  are  probably  of  <dder  date  than  those  of  Brent- 
ford, although  the  associated  land  and  freshwater  shells  are  nearly 
all,  if  not  all,  identical  with  species  now  living.  Three  of  the  shells, 
however,  are  no  longer  inhabitants  of  Great  Britain ;  namely,  Palu- 
dina  marginata  (fig.  112.  p.  127.),  now  living  in  France;  Unio 
littoraUs  (fig.  29.  p.  28.),  now  inhabiting  the  Loire ;  and  Cyrena 
consobrina  (fig.  26,  p.  28.).  The  last -mentioned  fossil  (a  recent 
Egyptian  shell  of  the  Nile)  is  very  abundant  at  Grays,  and  deserves 
notice,  because  the  genus  Cyrena  is  now  no  longer  European. 

The  rhinoceros  occurring  in  the  same  beds  {^.  leptorhinusy  see 
fig.  131.  p.  160.)  is  of  a  different  species  from  that  of  Brentford 
above  mentioned,  and  the  accompanying  elephant  belongs  to  the 
variety  called  Elephas  meridionaUs^  which^  according  to  MM.  Owen 
and  H.  von  Meyer,  two  high  authorities,  is  the  same  species  as  the 
Siberian  mammoth,  although  some  naturalists  r^ard  it  as  distinct. 
With  the  above  mammalia  is  also  found  the  Hippopotamus  major^  and 
what  is  most  remarkable  in  so  modern  and  northern  a  deposit^  a 
monkey,  called  by  Owen,  Macacus  pliocenus. 

The  submerged  forest  already  alluded  to  (p.  ISO.)  as  underlying 
the  drift  at  the  base  of  the  cliffs  of  Norfolk  is  associated  with  a  bed 
of  lignite  and  loam,  in  which  a  great  number  of  fossil  bones  occur, 
apparently  of  the  same  group  as  that  of  Grays,  just  mentioned.  It 
has  sometimes  been  called  "  the  Elephant  bed.**  One  portion  of  it, 
which  stretches  out  under  the  sea  at  Happisburgh,  was  overgrown 
in  1820  by  a  bank  of  recent  oysters,  and  there  the  fishermen  dredged 
up,  according  to  Woodward,  in  the  course  of  thirteen  years,  together 
with  the  oysters,  above  2000  mammoths'  grinders.!    Another  portion 

♦  Morris,  GeoL  Soc.  Proceed.,  1849.  f  Woodwtrd'i  Geology  of  Norfolk. 
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of  the  same  continuous  stratum  has  yielded  at  Bacton,  Cromer,  and 
other  places  on  the  coast,  the  bones  of  a  gigantic  beaver  ( Trogon- 
therium  Cuvierii,  Fischer),  as  well  as  the  ox,  horse,  and  deer,  and 
both  species  of  rhinoceros,  B.  tichorhinus  and  R,  leptorhinus^ 

In  studying  these  and  various  other  similar  assemblages  of  fossils, 
we  have  a  good  exemplification  of  the  more  rapid  rate  at  which  the 
mammiferous  fauna,  as  compared  to  the  testaceous,  diverges  when 
traced  backwards  in  time  from  the  recent  type.  I  have  before 
hinted,  that  the  longevity  of  species  in  the  class  of  warm-blooded 
quadrupeds  is  less  great  than  that  of  the  mollusca,  the  latter  having 
probably  more  capacity  for  enduring  those  changes  of  climate  and 
other  external  circumstances  which  take  place  in  the  course  of  ages 
on  the  earth's  surface.  This  phenomenon  is  by  no  means  confined  to 
Europe,  for  Mr.  Darwin  found  at  Bahia  Blanca,  in  South  America, 
lat.  39°  S.,  near  the  northern  confines  of  Patagonia,  fossil  remains  of 
the  extinct  mammiferous  genera  Megatherium,  Megalonyx,  Toxodon, 
and  others,  associated  with  shells,  almost  all  of  species  already  ascer- 
tained to  be  still  living  in  the  contiguous  sea*;  the  marine  mollusca, 
as  well  as  those  of  rivers,  lakes,  or  the  land,  having  died  out  more 
slowly  than  the  terrestrial  mammalia. 

I  alluded  before  (p.  125.)  to  certain  marine  strata  overlying  till 
near  Glasgow,  and  at  other  points  on  the  Clyde,  in  which  the 
shells  are  for  the  most  part  British,  with  an  intermixture  of  some 
arctic  species ;  while  others,  about  a  tenth  of  the  whole,  are  sup- 
posed to  be  extinct.  This  formation  may  also  be  called  Newer 
Pliocene. 

Fluvio-marine  crag  of  Norwich. — At  several  places  within  five 
miles  of  Norwich,  on  both  banks  of  the  Yare,  beds  of  sand,  loam, 
and  gravel,  provincially  termed  "  crag,"  occur,  in  which  there  is  a 
mixture  of  marine,  land,  and  freshwater  shells,  with  ichthyolites 
and  bones  of  mammalia.  It  is  clear  that  these  beds  have  been  accu- 
mulated at  the  bottom  of  the  sea  near  the  mouth  of  a  "river.  They 
form  patches  of  variable  thickness,  resting  on  white  chalk,  and  are 
covered  by  a  dense  mass  of  stratified  flint  gravel.  The  surface  of 
the  chalk  is  often  perforated  to  the  depth  of  several  inches  by  the 
Pholas  crispata,  each  fossil  shell  still  remaining  at  the  bottom  of  its 
cylindrical  cavity,  now  filled  up  with  loose  sand  which  has  fallen 
from  the  incumbent  crag.  This  species  of  Pholas  still  exists  and 
drills  the  rocks  between  high  and  low  water  on  the  British  coast. 
The  most  common  shells  of  these  strata,  such  as  Fusus  striatusy 
TurriteUa  terebra,  Cardium  edule^  and  Cyprina  Sslandica^  are  now 
abundant  in  the  British  seas  ;  but  with  them  are  some  extinct  species, 
such  as  Nucula  Cobholdice  (fig.  120.)  and  TeUina  obliqua  (fig.  121.). 
Natica  helicoidesy  (fig.  122.)  is  an  example  of  a  species  formerly 
known  only  as  fossil,  but  which  has  now  been  found  living  in  our 
seas. 

Among  the  accompanying  bones  of  mammalia  is  the  Mastodon 

*  ZooL  of  Beagle,  part  I.  pp.  9.  111. 


Ca-XIIL]  HOEWICH   CRAG — PLEISTOCENE.  149 

Fl(.  in.  Fig.  \%l.  Fl|.  in. 


angtutidem*  (see  fig.  130.),  a  portion  of  the  upper  jawbone  with  a 
tooth  having  been  found  by  Mr.  Wigham  at  PoBtwick,  near  Nor- 
wich. Ab  this  species  has  also  been  found  in  the  Red  Crag,  both  at 
Sutton  and  at  Felixstovr,  and  had  hitherto  been  r^arded  as  charac- 
teristic of  formations  older  than  the  Pleistocene,  it  ma^  possibly 
have  been  washed  out  of  the  Red  iuto  the  Norwich  Crag. 

Among  the  bones,  however,  respecting  the  authenticity  of  which 
there  seems  no  doubt,  may  be  mentioned  those  of  the  elephant,  horse, 
pig,  deer,  and  the  jaws  and  teeth  of  field  mice  (fig.  141.).  I  have 
Been  the  task  of  an  elepliant  from  Bramerton  near  Norwich,  to 
which  many  serpulss  were  attached,  showing  that  it  had  lain  for  some 
time  at  the  bottom  of  the  sea  of  the  Norwich  Crag. 

At  Thorpe,  near  Aldborough,  and  at  Southwold,  in  Suffolk,  this 
flnvio-marine  formation  is  well  exposed  in  the  sea-cliffs,  consisting  of 
sand,  shingle,  loam,  and  laminated  clay.  Some  of  the  strata  there 
bear  the  marks  of  tranquil  deposition,  and  in  one  section  a  thickness 
of  40  feet  is  sometimes  exposed  to  view.  Some  of  the  Inmelli- 
bmnchiate  sheila  liave  both  valves  united,  although  mixed  with  land 
and  freshwater  testacea,  and  with  the  bones  and  teeth  of  elephant, 
rhinoceros,  horse,  and  deer.  Captain  Alexander,  with  whom  I  ex- 
amined these  strata  in  1835,  showed  me  a  bed  rich  in  marine  shells, 
in  which  he  had  found  a  large  specimen  of  the  Futut  $lriatug,  filled 
Trith  sand,  and  in  the  interior  of  which  was  the  tooth  of  a  horse. 

Among  the  freshwater  shells  I  obtained  the  Cyrena  con$obrina 
(fig.  26.  p.  28.),  before  mentioned,  supposed  to  agree  with  a  species 
now  living  in  the  Nile. 

I  formerly  classed  the  Norwich  Crag  as  older  Pliocene,  conceiving 
that  more  than  a  third  of  the  fossil  testacea  were  extinct;  but  there 
now  seems  good  reason  for  believing  that  several  of  the  rarer  shells 
obtained  from  these  strata  do  not  really  belong  to  a  contemporary 
fauna,  but  have  been  washed  out  of  the  older  beds  of  the  "  Red 
Crag ;"  while  other  species,  once  supposed  to  have  died  out,  have 
lately  been  met  with  living  in  the  British  seas.  According  to 
Mr.  Searlea  Wood,  the  total  number  of  marine  species  does  not 
exceed  seventy-six,  of  which  one  tenth  only  are  extinct.  Of  the 
fourteen  associated  freshwater  shells,  all  the  species  appear  to  be 
living.  Strata  containing  the  same  shells  as  those  near  Norwich  have 
been  found  by  Mr.  Bean,  at  Bridlington,  in  Yorkshire. 

Newer  Hiocene  ttraia  of  Sicilr/. — In  no  part  of  Europe  are  the 

*  Owen,  Brit  Tom.  Munin.  371.  Mattodm  bmgirotlru,  Eaxf,  itt  ibid. 
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Newer  Pliocene  formations  seen  to  enter  so  largely  into  the  structure 
of  the  earth's  crust,  or  to  rise  to  such  heights  above  the  level  of  the 
sea,  as  in  Sicily.  They  cover  nearly  half  the  island,  and  near  its 
centre,  at  Castrogiovanni,  •  they  reach  an  elevation  of  3000  feet. 
They  consist  principally  of  two  divisions,  the  upper  calcareous,  the 
lower  argillaceous,  both  of  which  may  be  seen  at  Syracuse,  Girgenti, 
and  Castrogiovanni. 

According  to  Philippi,  to  whom  we  are  indebted  for  the  best 
account  of  the  tertiary  shells  of  this  island,  thirty-five  species  out 
of  one  hundred  and  twenty-four  obtained  from  the  beds  in  central 
Sicily  are  extinct.  Of  the  remainder,  which  still  live,  five  species 
are  no  longer  inhabitants  of  the  Mediterranean.  When  I  visited 
Sicily  in  1828  I  estimated  the  proportion  of  living  species  as  some- 
what greater,  partly  because  I  confounded  with  the  tertiary  forma- 
tion of  central  Sicily  the  strata  at  the  base  of  Etna,  and  some  other 
localities,  where  the  fossils  are  now  proved  to  agree  entirely  with  the 
present  Mediterranean  fauna. 

Philippi  came  to  the  conclusion  that  in  Sicily  there  is  a  gradual 
passage  from  beds  containing  70  per  cent  of  recent  shells,  to  those 
in  which  the  whole  of  the  fossils  are  identical  with  recent  species ; 
but  his  tables  appear  scarcely  to  bear  out  so  important  a  generaliza- 
tion, several  of  the  places  cited  by  him  in  confirmation  having  as  yet 
furnished  no  more  that  twenty  or  thirty  species  of  testacea.  The  Sici- 
lian beds  in  question  probably  belong  to  about  the  same  period  as  the 
Norwich  Crag,  although  a  geologist,  accustomed  to  see  nearly  all  the 
Pleistocene  formations  in  the  north  of  Europe  occupying  low  grounds 
and  very  incoherent  in  texture,  is  naturally  surprised  to  behold  for- 
mations of  the  same  age  so  solid  and  stony,  of  such  thickness,  and 
attaining  so  great  an  elevation  above  the  level  of  the  sea. 

The  upper  or  calcareous  member  of  this  group  in  Sicily  consists 
in  some  places  of  a  yellowish- white  stone,  like  the  calcaire  grossier 
of  Paris,  in  others,  of  a  rock  nearly  as  compact  as  marble.  Its  aggre- 
gate thickness  amounts  sometimes  to  700  or  800  feet  It  usually 
occurs  in  regular  horizontal  beds,  and  is  occasionally  intersected  by 
deep  valleys,  such  as  those  of  Sortino  and  Pentalica,  in  which  are 
numerous  caverns.  The  fossils  are  in  every  stage  of  preservation, 
from  shells  retaining  portions  of  their  animal  matter  and  colour,  to 
others  which  are  mere  casts 

The  limestone  passes  downwards  into  a  sandstone  and  conglome- 
rate, below  which  is  clay  and  blue  marl,  like  that  of  the  Subapennine 
hills,  from  which  perfect  shells  and  corals  may  be  disengaged.  The 
clay  sometimes  alternates  with  yellow  sand. 

South  of  the  plain  of  Catania  is  a  region  in  which  the  tertiary 
beds  are  intermixed  with  volcanic  matter,  which  has  been  for  the 
most  part  the  product  of  submarine  eruptions.  It  appears  that,  while 
the  clay,  sand,  and  yellow  limestone  before-mentioned  were  in  course 
of  deposition  at  the  bottom  of  the  sea,  volcanos  burst  out  beneath  the 
waters,  like  that  of  Graham  Island,  in  1831,  and  these  explosions 
recurred  again  and  again  at  distant  intervals  of  time.  Volcanic  ashes 
and  sand  were  showered  down  and  spread  by  the  waves  and  currents 
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80  as  to  form  strata  of  tuff,  which  are  found  intercalated  between  beds 
of  limestone  and  clay  containing  marine  shells,  the  thickness  of  the 
whole  mass  exceeding  2000  feet.  The  fissures  through  which  the 
lava  rose  maj  be  seen  in  many  places  forming  what  are  called  dikes. 
In  part  of  the  region  above  alluded  to,  as,  for  example,  near  Len- 
tini,  a  conglomerate  occurs  in  which  I  observed  many  pebbles  of 
volcanic  rocks  covered  by  full  grown  serpiUa.  We  may  explain  the 
origin  of  these  by  supposing  that  there  were  some  small  volcanic 
islands  which  may  have  been  destroyed  from  time  to  time  by  the 
waves,  as  Graham  Island  has  been  swept  away  since  1831.  The 
rounded  blocks  and  pebbles  of  solid  volcanic  matter,  after  being 
rolled  for  a  time  on  the  beach  of  such  temporary  islands,  were  carried 
at  length  into  some  tranquil  part  of  the  sea,  where  they  lay  for  years, 
while  the  marine  serpuUe  adhered  to  them,  their  shells  growing  and 
covering  their  surface,  as  they  are  seen  adhering  to  the  shell  figured 
in  p.  22.  Finally,  the  bed  of  pebbles  was  itself  covered  with  strata 
of  shelly  limestone.  At  Vizzini,  a  town  not  many  miles  distant  to 
the  S.  W.,  I  remarked  another  striking  proof  of  the  gradual  manner 
in  which  these  modem  rocks  were  formed,  and  the  long  intervals  of 
time  which  elapsed  between  the  pouring  out  of  distinct  sheets  of  lava. 
A  bed  of  oysters  no  less  than  20  feet  in  thickness  rests  upon  a  current 
of  basaltic  lava.  The  oysters  are  perfectly  identifiable  with  our 
common  eatable  species.  Upon  the  oyster  bed,  again,  is  superim- 
posed a  second  mass  of  lava,  together  with  tuff  or  peperino.  In  the 
midst  of  the  same  alternating  igneous  and  aqueous  formations  is  seen 
near  Galieri,  not  far  from  Vizzini,  a  horizontal  bed,  about  a  foot  and 
a  half  in  thickness,  composed  entirely  of  a  common  Mediterranean 
coral  {CaryophylUa  cespitosoy  Lam.).  These  corals  stand  erect  as 
they  grew  ;  and,  after  being  traced  for  hundreds  of  yards,  are  again 
found  at  a  corresponding  height  on  the  opposite  side  of  the  valley. 

Fig.  123. 


CaryophyUia  eespHoMt  Lam.       ( Ciadocora  cespitosa,  Ehr. ) 

a.  Stem  with  jroung  stem  growing  from  its  tide, 
a*.  Young  item  of  same  twice  magnified. 

b.  Portion  or  branch,  twice  roagpniled,  with  the  base  of  a  lateral  branch  ;  the  exterior 

ridges  of  the  main  branch  appearing  through  the  lamelise  of  the  lateral  one. 
e.  Tran»verse  section  of  same,  proving,  bv  the  integrity  of  the  main  branch,  that  the 
lateral  one  did  not  originate  in  a  subdivision  of  the  animal. 

d.  A  branch,  having  at  iu  base  another  lateral ly  united  to  it,  and  two  joung  corals  at 

its  upper  part. 

e.  A  main  branch,  with  a  Aill  grown  lateral  one. 
/.  A  perfect  terminal  star. 
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The  corals  sre  asuallj  branched,  but  oot  by  the  division  of  the 
animal  as  some  have  supposed,  but  hj  the  attachment  of  young  indi- 
viduals to  the  sides  of  the  older  ones;  and  we  must  understand  this 
mode  of  increase,  in  order  to  appreciate  the  time  which  was  required 
for  the  huildinj;  up  of  the  whole  bed  of  coral  during  the  growth  of 
many  successive  generations.* 

Among  the  other  fossil  sheila  met  with  in  these  Sicilian  strata, 
which  still  continue  to  abound  in  the  Mediterranean,  no  shell  is  more 
conspicuous,  from  its  size  and  frequent  occurrence,  than  the  great 
scallop,  Peeten  jacobetui  (see  fig.  124.),  now  so  common  in  the  neigh- 
bouring seas.  We  see  this  shell  in  the  calcareous  beds  at  Palermo 
in  great  numbers,  in  the  limestone  at  Girgenti,  and  in  that  which 
alternates  with  volcanic  rocks  in  the  country  between  Syracuse  and 
Vizzini,  often  at  great  heights  above  the  sea. 


The  more  we  reflect  on  the  preponderating  number  of  these  recent 
shells,  the  more  we  are  surprised  at  the  great  thickness,  solidity,  and 
height  above  the  seo  of  the  rocky  masses  in  which  they  are  entombed, 
and  the  vast  amount  of  geographical  change  which  has  taken  place 
since  their  origin.  It  must  be  remembered  that,  before  they  b^an 
to  emerge,  the  uppermost  strata  of  the  whole  must  have  been  de- 
posited under  water.  In  order,  therefore,  to  form  a  just  concep- 
tion of  their  antiquity,  we  must  first  examine  singly  the  innumerable 
minute  parts  of  which  the  trhole  is  made  up,  the  successive  beds  of 
shells,  corals,  volcanic  ashes,  conglomerates,  and  sheets  of  lava ;  and 
we  must  afterwards  contemplate  the  time  required  for  the  gradual 
upheaval  of  the  rocks,  and  the  excavation  of  the  valleys.  The  his- 
torical period  seems  scarcely  to  form  an  appreciable  unit  in  this  com- 


CH.XIIL]  CAVE   BBECCIAS.  153 

putatioD,  for  we  find  ancient  Greek  temples,  like  those  of  Girgenti 
(Agrigentum),  built  of  the  modern  limestone  of  which  we  are  speak- 
ing, and  resting  on  a  hill  composed  of  the  same  ;  the  site  having  re- 
mained to  all  appearance  unaltered  since  the  Greeks  first  colonised 
the  island. 

The  modern  geological  date  of  the  rocks  in  this  region  leads  to 
another  singular  and  unexpected  conclusion,  namely,  that  the  fauna 
and  flora  of  a  large  part  of  Sicily  are  of  higher  antiquity  than  the 
country  itself,  having  not  only  flourished  before  the  lands  were  raised 
from  tlie  deep,  but  even  before  their  materials  were  brought  together 
beneath  the  waters.  The  chain  of  reasoning  which  conducts  us  to 
this  opinion  may  be  stated  in  a  few  words.  The  larger  part  of  the 
island  has  been  converted  from  sea  into  land  since  the  Mediterranean 
was  peopled  with  nearly  all  the  living  species  of  testacea  and  zoophytes. 
We  may  therefore  presume  that,  before  this  region  emerged,  the  same 
land  and  river  shells,  and  almost  all  the  same  animals  and  plants, 
were  in  existence  which  now  people  Sicily ;  for  the  terrestrial  fauna 
and  flora  of  this  island  are  precisely  the  same  as  that  of  other  lands 
surrounding  the  Mediterranean.  There  appear  to  be  no  peculiar  or 
indigenous  species,  and  those  which  are  now  established  there  must 
be  supposed  to  have  migrated  from  pre-existing  lands,  just  as  the 
plants  and  animals  of  the  Neapolitan  territory  have  colonised  Monte 
Nuovo,  since  that  volcanic  cone  was  thrown  up  in  the  sixteenth 
century. 

Such  conclusions  throw  a  new  light  on  the  adaptation  of  the  attri- 
butes and  migratory  habits  of  animals  and  plants  to  the  changes  which 
are  unceasingly  in  progress  in  the  physical  geography  of  the  globe. 
It  is  clear  that  the  duration  of  specie^  is  so  great,  that  they  are  des- 
tined to  outlive  many  important  revolutions  in  the  configuration  of 
the  earth's  surface;  and  hence  those  innumerable  contrivances  for 
enabling  the  subjects  of  the  animal  and  vegetable  creation  to  extend 
their  range ;  the  inhabitants  of  the  land  being  often  carried  across 
the  ocean,  and  the  aquatic  tribes  over  great  continental  spacea  It  is 
obviously  expedient  that  the  terrestrial  and  fluviatile  species  should 
not  only  be  fitted  for  the  nvers,  valleys,  plains,  and  mountains  which 
exist  at  the  era  of  their  creation,  but  for  others  that  ara  destined  to 
be  formed  before  the  species  shall  become  extinct ;  and,  in  like  man- 
ner, the  marine  species  are  not  only  made  for  the  deep  and  shallow 
regions  of  the  ocean  existing  at  the  time  when  they  are  called  into 
being,  but  for  tracts  that  may  be  submerged  or  variously  altered  in 
depth  during  the  time  that  is  allotted  for  their  continuance  on  the 
globe. 

OSSEOUS   BRECCIAS  AND  DEPOSITS  IN  CAVES  OF  THE  PLIOCENE  PERIOD. 

Sicily, — Caverns  filled  with  marine  breccias,  at  the  base  of  ancient 
sea-cliffs,  have  been  already  mentioned  in  the  sixth  chapter ;  and  it  waai 
noticed,  respecting  the  cave  of  San  Giro,  near  Palermo  (p.  75.),  that 
upon  a  bed  of  sand  filled  with  sea-shells,  almost  all  of  recent  species,  rests 
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a  breccia  (b,  fig.  93.),  composed  of  fragments  of  calcareous  rock, 
and  the  bones  of  animals.  In  the  sand  at  the  bottom  of  that  cave. 
Dr.  Philippi  found  about  forty-five  marine  shells,  all  clearly  identical 
with  recent  species,  except  two  or  three.  The  bones  in  the  incumbent 
breccia  are  chiefly  those  of  the  mammoth  (J?,  primigenitis),  with  some 
belonging  to  an  hippopotamus,  distinct  from  the  recent  species,  and 
smaller  than  that  usually  found  fossil.  (See  fig.  132.)  Several  species 
of  deer,  also,  and,  according  to  some  accounts,  the  remains  of  a  bear, 
were  discovered.  These  mammalia  are  probably  referable  to  the 
Post-Pliocene  period. 

The  Newer  Pliocene  tertiary  limestone  of  the  south  of  Sicily,  already 
described,  is  sometimes  full  of  caverns ;  and  the  student  will  at  once 
perceive  that  all  the  quadrupeds  of  which  the  remains  are  found  in 
the  stalactite  of  these  caverns,  being  of  later  origin  than  the  rocks, 
must  be  referable  to  the  close  of  the  tertiary  epoch,  if  not  of  still  later 
date.  The  situation  of  one  of  these  caves,  in  the  valley  of  Sortino, 
is  represented  in  the  annexed  section. 

Fig.  1SS. 


A,  A^^Derosits  In  cavM  }  containing  the  remaina  of  qaadrupedt  for  the  nio»t  part  extinct. 

C.  Limestone,  containing  the  remains  of  ahellt,  of  which  between  70  and  80  per  cent  are  recent. 

England, — In  a  cave  at  Kirkdale,  about  twenty-five  miles  N.N.E. 
of  York,  the  remains  of  about  300  hyaenas,  belonging  to  individuab 
of  every  age,  have  been  detected.  The  species  (^Hytena  spekea)  is 
extinct,  and  was  larger  than  the  fierce  Hycsna  crocuta  of  South  Africa, 
which  it  most  resembled.  Dr,  Buckland,  after  carefully  examining  the 
spot,  proved  that  the  hyaenas  must  have  lived  there ;  a  fact  attested  by 
the  quantity  of  their  dung,  which,  as  in  the  case  of  the  living  hyaena, 
is  of  nearly  the  same  composition  as  bone,  and  almost  as  durable.  In 
the  cave  were  found  the  remains  of  the  ox,  young  elephant,  hippo- 
potamus, rhinoceros,  horse,  bear,  wolf,  hare,  water-rat,  and  several 
birds.  All  the  bones  have  the  appearance  of  having  been  broken  and 
gnawed  by  the  teeth  of  the  hyaenas ;  and  they  occur  confusedly  mixed 
in  loam  or  mud,  or  dispersed  through  a  crust  of  stalagmite  which 
covers  it.  In  these  and  many  other  cases  it  is  supposed  that  portions 
of  herbivorous  quadrupeds  have  been  dragged  into  caverns  by  beasts 
of  prey,  and  have  served  as  their  food,  an  opinion  quite  consistent 
with  the  known  habits  of  the  living  hyaena. 

No  less  than  thirty-seven  species  of  mammalia  are  enumerated  by 
Professor  Owen  as  having  been  discovered  in  the  caves  of  the  British 
islands,  of  which  eighteen  appear  to  be  extinct,  while  the  others  still 
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survive  in  Europe.  They  were  not  washed  to  the  spots  where  the 
fossils  now  occur  by  a  great  flood ;  but  lived  and  died,  one  generation 
after  another,  in  the  places  where  they  lie  buried.  Among  other 
arguments  in  favour  of  this  conclusion  may  be  mentioned  the  great 
numbers  of  the  shed  antlers  of  deer  discovered  in  caves  and  in  fresh- 
water  strata  throughout  England.* 

Examples  also  occur  of  fissures  into  which  animals  have  fallen  from 
time  to  time,  or  have  been  washed  in  from  above,  together  with  al-> 
luvial  matter  and  fragments  of  rock  detached  by  frost,  forming  a  mass 
which  may  be  united  into  a  bony  breccia  by  stalagmitic  infiltrations. 
Frequently  we  discover  a  long  suite  of  caverns  connected  by  narrow 
and  irregular  gallerieSy  which  hold  a  tortuous  course  through  the  in- 
terior of  mountains,  and  seem  to  have  served  as  the  subterranean 
channels  of  springs  and  engulphed  rivers.  Many  streams  in  the 
Morea  are  now  carrying  bones,  pebbles,  and  mud  into  underground 
passages  of  this  kind.f  If,  at  some  future  period,  the  form  of  that 
country  should  be  wholly  altered  by  subterranean  movements  and 
new  valleys  shaped  out  by  denudation,  many  portions  of  the  former 
channels  of  these  engulphed  streams  may  communicate  with  the  sur- 
face, and  become  the  dens  of  wild  beasts,  or  the  recesses  to  which 
quadrupeds  retreat  to  die.  Certain  caves  of  France,  Germany,  and 
Belgium,  may  have  passed  successively  through  these  different  con- 
ditions, and  in  their  last  state  may  have  remained  open  to  the  day 
for  several  tertiary  periods.  It  is  nevertheless  remarkable,  that  on 
the  continent  of  Europe,  as  in  England,  the  fossil  remains  of  mam- 
malia belong  almost  exclusively  to  those  of  the  Newer  Pliocene  and 
Post-Pliocene  periods,  and  not  to  the  Miocene  or  Eocene  epochs,  and 
when  they  are  accompanied  by  land  or  river  shells,  these  agree  in 
great  part,  or  entirely,  with  recent  species. 

As  the  preservation  of  the  fossil  bones  is  due  to  a  slow  and  constant 
supply  of  stalactite,  brought  into  the  caverns  by  water  dropping  from 
the  roof,  the  source  and  origin  of  this  deposit  has  been  a  subject  of 
curious  inquiry.  The  following  explanation  of  the  phenomenon  has 
been  recently  suggested  by  the  eminent  chemist  Liebig.  On  the 
surface  of  Franconia,  where  the  limestone  abounds  in  caverns,  is  a 
fertile  soil,  in  which  vegetable  matter  is  continually  decaying.  This 
mould  or  humus,  being  acted  on  by  moisture  and  air,  evolves  carbonic 
acid  which  is  dissolved  by  rain.  The  rain  water,  thus  impregnated^ 
permeates  the  porous  limestone,  dissolves  a  portion  of  it,  and  after- 
wards, when  the  excess  of  carbonic  acid  evaporates  in  the  caverns, 
parts  with  the  calcareous  matter,  and  forms  stalactite. 

Australian  cave-breccias, — Ossiferous  breccias  are  not  confined  to 
Europe,  but  occur  in  all  parts  of  the  globe ;  and  those  lately  dis- 
covered in  fissures  and  caverns  in  Australia  correspond  closely  in 
character  with  what  has  been  called  the  bony  breccia  of  the  Medi- 
terranean, in  which  the  fragments  of  bone  and  rock  are  firmly  bound 
together  by  a  red  ochreous  cement. 

*  Owen,  Brit  Foss.  Mam.  xxvL,  and  Backland,  Bel.  DiL  19.  24. 
t  See  Mnciples  of  Geology. 
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Some  of  these  caves  have  been  examined  by  Sir  T.  Mitchell,  in 
the  Wellington  Valley,  about  210  miles  west  of  Sydney,  on  the  river 
Bell,  one  of  the  principal  sources  of  the  ITacquarie,  and  on  the 
Slacqunrie  itself.  The  caverns  often  branch  off  in  different  directions 
through  the  rock,  widening  and  contracting  their  dimensions,  and 
the  roofs  and  floors  are  covered  with  stalactite.  The  bones  are  often 
broken,  but  do  not  seem  to  be  water-worn.  In  some  places  they  lie 
imbedded  in  loose  earth,  but  they  are  usually  included  in  a  breccia. 

The  remains  found  most  abundantly  are  those  of  the  kangaroo,  of 
which  there  are  four  species,  besides  which  the  genera  ffffpsiprymntu, 
PAatanguta,  Fhtucolomys,  ond  Datyunu,  occur.  There  are  also 
bones,  formerly  conjectured  by  some  osteologists  to  .belong  to  the 
hippopotamus,  and  by  others  to  the  dugong,  but  which  are  now 
referred  by  Mr.  Owen  to  a  marsupial  genus,  dlied  to  the  Wombat. 

In  the  fossils  above  enumerated,  several  species  are  larger  than 
the  largest  living  ones  of  the  same  genera  now  known  in  Australia. 
The  annexed  figure  of  the  right  side  of  a  lower  jaw  of  a  kangaroo 
{Macroput  atlas,  Owen)  wiU  at  once  be  seen  to  exceed  in  magnitude 
the  corresponding  part  of  the  largest  living  kangaroo,  which  is 
n«.iM. 


represented    in    fig.   1^.      In   both    these   specim 
substance  of  the  jaw  has  been    broken  open,  so 
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pertnaaent  TrIm  molar  (a.  fig.  126.)  concealed  in  the  socket.  From 
the  fact  of  this  molar  not  having  been  cut,  we  leam  that  the 
individual  was  joung,  and  had  not  shed  it«  firat  teeth.  In  fig.  128.  a 
front  tooth  of  the  same  species  of  kangaroo  is  repre- 

Whether  the  breccias,  above  alluded  to,  of  the  Wel- 
lington Vallej,  appertain  strictly  to  the  Pliocene  period 
cannot  be  affirmed  with  certainty,  until  we  are  more 
thoroughly  acquainted  with  the  recent  quadrupeds  of 
the  same  district,  and  until  we  learn  what  species  of 
fossil  land  shells,  if  any,  are  buried  in  the  deposits  of 
the  same  caves. 

The  reader  will  observe  that  all  these  extinct  qua- 
drupeds of  Australia  belong  to  the  marsupial  family, 
or,  in  other  words,  that  they  are  referable  to  the  same 
peculiar  type  of  organization  which  now  distinguishes 
the  Australian  mammalia  from  those  of  other  parts  of 
the  globe.  This  fact  is  one  of  many  pointing  to  a 
general  law  deducible  from  the  fossil  vertebrate  and  invertebrate 
animals  of  the  eras  immediately  antecedent  to  the  human,  namely, 
that  the  present  geographical  distribution  of  organic  forma  dates 
back  to  a  period  anterior  to  the  creation  of  existing  tpeciei ;  in 
other  words,  the  limitation  of  particular  genera  or  families  of 
quadrupeds,  mollusca*  See.,  to  cerlaia  existing  provinces  of  land  and 
sea,  began  before  the  species  now  contemporary  nith  man  had  been 
introduced  into  the  earth. 

Mr.  Owen,  in  his  excellent  "  History  of  British  Fossil  Iklammnls," 
has  culled  attention  to  this  law,  remarking  that  the  fossil  quadrupeds 
of  Europe  and  Asia  differ  from  tbose  at  Australia  or  South  America. 
We  do  not  find,  for  example,  in  the  Europteo- Asiatic  province  fossil 
kangaroos  or  armadillos,  but  the  elephant,  rhinoceros,  horse,  bear, 
hysena,  beaver,  hare,  mole,  and  others,  which  still  characterize  the 
same  continent. 

In  like  manner  in  the  Pampas  of  South  America  the  skeletons  of 
Megatherium,  Megalonyx,  Giyptodon,  Mylodon,  Toxodon,  Macran- 
chenia,  and  other  extinct  forms,  arc  analogous  to  the  living  sloth, 
armadillo,  cavy,  capybara,  and  llamn.  The  fossil  qnadrumana,  also 
associated  with  some  of  these  forms  in  the  Brazilian  caves,  belong  to 
the  Platyrrhine  family  of  monkeys,  now  peculiar  to  South  America. 
That  the  extinct  fauna  of  Buenos  Ayres  and  Brazil  was  very  modem 
has  been  shown  by  its  relation  to  deposits  of  marine  shells,  agreeing 
with  those  now  inhabiting  the  Atlantic;  and  when  in  Geoi^ia  in 
1845,  I  ascertained  that  the  Megatherium,  Mylodon,  Harlanua 
americanut  (Owen),  Equut  eurvideni,  and  other  quadrupeds  allied 
to  the  FampEcan  type  were  posterior  in  date  to  beds  contwning  marine 
shells  belonging  to  forty-Sve  recent  species  of  the  neighbouring  sea. 

There  arc  indeed  some  cosmopolite  genera,  such  as  the  Mastodon 
(a  genus  of  the  elephant  family),  and  the  horse,  which  were  simul- 
taneously represented  by  different  fossil  species  in  Europe,  North 


158  EXTINCT  FOSSIL   MAMMALIA.  [Ch.  XIIL 

America,  and  South  America ;  but  these  few  exceptions  can  bj  no 
means  invalidate  the  rule  which  has  been  thus  expressed  bj  Professor 
Owen,  ''that  in  the  highest  organized  class  of  animals  the  same 
forms  were  restricted  to  the  same  great  provinces  at  the  Pliocene 
periods  as  they  are  at  the  present  day." 

However  modern,  in  a  geological  point  of  view,  we  may  consider 
the  Pleistocene  epoch,  it  is  evident  that  causes  more  general  and 
powerful  than  the  intervention  of  man  have  occasioned  the  disap- 
pearance of  the  ancient  fauna  from  so  many  extensive  regions.  Not 
a  few  of  the  species  had  a  wide  range ;  the  same  Megatherium,  for 
instance,  extended  from  Patagonia  and  the  river  Plata  in  South 
America,  between  latitudes  31°  and  39°  south,  to  corresponding  lati- 
tudes in  North  America,  the  same  animal  being  also  an  inhabitant  of 
the  intermediate  country  of  Brazil,  where  its  fossil  remains  have  been 
met  with  in  caves.  The  extinct  elephant,  likewise,  of  Georgia 
(Elephas  primigenius)  has  been  traced  in  a  fossil  state  northward 
from  the  river  Alatamaha,  in  lat.  30°  50^  N.  to  the  Polar  regions, 
and  then  again  in  the  eastern  hemisphere  from  Siberia  to  the  south 
of  Europe.  K  it  be  objected  that,  notwithstanding  the  adaptation  of 
such  quadrupeds  to  a  variety  of  climates  and  geogrnpbical  conditions, 
their  great  size  exposed  them  to  extermination  by  the  first  hunter 
tribes,  we  may  observe  that  the  investigations  of  Lund  and  Clausen 
in  the  ossiferous  limestone  caves  of  Brazil  have  demonstrated  that 
these  large  mammalia  were  associated  with  a  great  many  smaller 
quadrupeds,  some  of  them  as  diminutive  as  field  mice,  which  have 
all  died  out  together,  while  the  land  shells  formerly  their  contem- 
poraries still  continue  to  exist  in  the  same  countries.  As  we  may 
feel  assured  that  these  minute  quadrupeds  could  never  have  been 
extirpated  by  man,  so  we  may  conclude  that  all  the  species,  small 
and  great,  have  been  annihilated  one  after  the  other,  in  the  course  of 
indefinite  ages,  by  those  changes  of  circumstances  in  the  organic  and 
inorganic  world  which  are  always  in  progress^  and  are  capable  in  the 
course  of  time  of  greatly  modifying  the  physical  geography,  climate, 
and  all  other  conditions  on  which  the  continuance  upon  the  earth  of 
any  living  being  must  depend.* 

The  law  of  geographical  relationship  above  alluded  to,  between  the 
living  vertebrata  of  every  great  zoological  province  and  the  fossils  of 
the  period  immediately  antecedent,  even  where  the  fossil  species  are 
extinct,  is  by  no  means  confined  to  the  mammalia.  New  Zealand, 
when  first  examined  by  Europeans,  was  found  to  contain  no  in- 
digenous land  quadrupeds,  no  kangaroos,  or  opossums,  like  Australia ; 
but  a  wingless  bird  abounded  there,  the  smallest  living  representative 
of  the  ostrich  family,  called  the  Xivi,  by  the  natives  {Apteryx),  In 
the  fossils  of  the  Post-Pliocene  and  Pleistocene  period  in  this  same 
island,  there  is  the  like  absence  of  kangaroos,  opossums,  wombats, 
and  the  rest ;  but  in  their  place  a  prodigious  number  of  well  preserved 
specimens  of  gigantic  birds  of  the  struthious  order,  called  by  Owen 

*  See  Principles  of  Geology,  chaps.  xlL  to  xliv. 
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DinomiB  and  PalapterTx,  which  are  entombed  in  superficial  depo«ts. 
These  genera  comprehended  many  species,  some  of  whicli  were  4, 
some  7,  others  9,  and  others  11  feet  in  height!  It  seema  doubt- 
ful whether  any  contemporary  mammalia  shared  the  land  with  this 
population  of  gigantic  feathered  bipeds. 

To  those  who  have  never  studied  comparative  anatomy  it  may  seem 
scarcely  credible,  that  a  single  bone  taken  from  any  part  of  the  skeleton 
may  enable  a  skilful  osteologist  to  diatinguish,  in  many  cases,  the 
genus,  and  sometimes  the  species,  of  quadruped  to  which  it  belonged. 
Although  few  geologists  can  aspire  to  such  knowledge,  which  must  he 
the  result  of  long  practice  and  study,  they  will  nevertheless  derive 
great  advantage  from  learning  what  is  comparatively  an  easy  task,  to 
distinguish  the  principal  divisions  of  the  mammalia  by  the  forms  and 
characters  of  their  teeth.  Theaonesed  figures,  all  taken  from  original 
specimens,  may  be  useful  in  assisting  the  student  to  recognise  the  teeth 
of  many  genera  most  frequently  found  fossil  in  Europe: — 
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CHAPTER  XIV. 

OLDER    PLIOCKNE  AND  MIOCENE   70RUATI0NS. 

Strata  of  SufTolk  Wrmcd  Keil  unci  Coralline  crag — Fossils,  utid  proportiun  of  recent 
species  —  Depth  of  ccit  and  climiitc  —  liufcreacc  of  SulTulk  crag  to  tiie  older 
Pliocene  period  —  Migrntiun  of  manj  species  of  shells  southwards  during  the 
glnciid  period— Fossil  vbiUes — SutuipcuDine  beds  —  Asti,  Sienna,  Bome  —  Mio- 
cciK  furmntions  —  Faluns  of  Tonrainc  —  Depth  of  sea  and  littoral  diaracter  of 
fauna — Tropical  climate  implied  by  the  (cstocea — Proportion  of  recent  species  of 
sliells — Faluns  more  ancient  than  (he  Suffolk  crag  —  Miocene  strata  oF  Bordeaux 
and  Kedmonl — Molaeso  of  Switicrlnnd  — Tertiary  strata  of  Lisbon — Older 
riioceno  and  Alioccno  formations  in  the  United  States-- Sew iUik  llills  in  India. 

The  oldflr  Pliocene  strata,  wliicli  next  claim  our  attention,  are  cbiellj 
confineil,  in  Great  Britain,  totlie  eastern  pait  of  tlic  county  of  Suffolit, 
where,  like  theNorwicli  beds  already  (lescribed,  tliey  are  called  "Crag," 
a  provincial  name  given  particularly  to  those  masses  of  shelly  sand 
wliicli  hare  been  used  from  very  ancient  limes  in  ogriculture,  to 
fertilize  soils  deficient  in  calcareous  matter.  The  relative  position  of 
the  "  red  crag  "  in  Essex  to  the  London  clay,  may  be  understood  by 
reference  to  the  accompanying  diagram  (fig.  142.). 
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Fig.  142. 
Cniff.  Loodoo  Claj. 


These  deposits,  judging  bj  the  shells  which  they  coolata,  appear, 
according  to  Professor  £dward  Forbes,  to  have  been  fbnned  in  a  sea 
of  moderate  depth,  generaQj  from  15  to  26  fathoms  deep,  although  in 
some  few  spots  perhaps  deeper.  But  they  may,  nevertheless,  have 
been  accumulated  at  the  distance  of  40  or  50  miles  firom  land. 

The  Suffolk  crag  is  divisible  into  two  masses,  the  upper  of  which 
has  been  termed  the  Red,  and  the  lower  the  Coralline  Crag.*  The 
upper  deposit  consists  chiefly  of  quartzose  sand,  with  an  occasional 
intermixture  of  shells,  for  the  most  part  rolled,  and  sometimes  com- 
minuted. The  lower  or  Coralline  crag  is  of  very  limited  extent, 
ranging  over  an  area  about  20  miles  in  length,  and  3  or  4  in 
breadth,  between  the  rivers  Aide  and  Stour.  It  Is  generally  cal- 
careous and  marly— -a  mass  of  shells  and  small  corals,  passing  occa- 
sionally into  a  soft  building  stone.  At  Sudbouro,  near  Orford,  where 
it  assumes  this  character,  are  large  quarries,  in  whieh  the  bottom  of 
it  has  not  been  reached  at  the  depth  of  50  feet.  At  some  piaees  in 
the  neighbourhood,  the  softer  mass  is  divided  by  thin  flags  of  hard  lime- 
stone, and  corals  placed  in  the  upright  position  in  which  they  grew. 

The  Red  crag  is  distinguished  by  the  deep  ferruginous  or  ochreous 
colour  of  its  sands  and  fossils,  the  Coralline  by  its  white  colour.  Both 
formations  are  of  moderate  thickness ;  the  red  crag  rarely  exceeding 
40,  and  the  coralline  seldom  amounting  to  20,  feet.  But  their 
importance  is  not  to  be  estimated  by  the  density  of  the  mass  of  strata 
or  its  geographical  extent,  but  by  the  extraordinary  richness  of  its 
organic  remains,  belonging  to  a  very  peculiar  type,  which  seems  to 
characterize  the  state  of  the  living  creation  in  the  north  of  Europe 
during  the  older  Pliocene  era. 

For  a  large  collection  of  the  fish,  echinoderms,  shells,  and 
corals  of  the  deposits  in  Suffolk,  we  are  indebted  to  the  labours  of 
Mr.  Scarles  Wood.  Of  testacea  alone  he  has  obtained  about  230 
species  from  the  Red,  and  345  from  the  Coralline  crag,  about  150 
being  common  to  each.  The  proportion  of  recent  species  in  the 
newer  group  is  considered  by  Mr.  Wood  to  be  about  TOf  per  cent., 
and  that  in  the  older  or  coralline  about  60.  When  I  examined 
these  shells  of  Suffolk  in  1835,  with  the  assistance  of  Dr.  Beck, 
Mr.  George  Sowerby,  'Mr.  Searles  Wood,  and  other  eminent  con- 
chologists,  I  came  to  the  opinion  that  the  extinct  species  predomi- 
nated very  decidedly  in  number  over  the  living.  Recent  investi- 
gations, however,  have  thrown  much  new  light  on  the  conchology  of 
the  Arctic,  Scandinavian,  British,  and  Mediterranean  Seas.  Many 
of  the  species  formerly  known  only  as  fossils  of  the  Crag,  and 
supposed  to  have  died  out,  have  been  dredged  up  in  a  living  state 

♦  See  Paper  by  E.  Chorleswortb,  Esq. ;  f  See  Monograph  on  the  Crag  Mol- 
London  and  Ed.  Phil  Mag.  No.  xxxviii.  lusco.  Searles  Wood,  Paleont.  Soc  1848. 
p.  81.,  Aug.  1835. 
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from  depths  not  prerioasly  explored.  Other  recent  species,  before 
regarded  as  distinct  from  the  nearest  allied  Crag  fossils,  hare  been 
observed,  when  mimeroxis  indiyiduals  were  procured,  to  be  liable  to 
much  greater  variation,  both  in  size  and  form,  than  had  been  sus- 
pected, and  thas  have  been  identified.  Consequentlj,  the  Crag 
fauna  has  been,  found  to  approach  much  more  nearly  to  the  recent 
fauna  of  the  Northern,  British,  and  Mediterranean  Seas  than  had  been 
imagined.  The  analogy  of  the  whole  group  of  testacea  to  the 
European  type  is  very  marked,  whether  we  refer  to  the  large  de- 
velopment of  certain  genera  in  number  of  species  or  to  their  size,  or 
to  the  suppression  or  feeble  representation  of  others.  The  indication 
also  afforded  by  the  entire  fauna  of  a  climate  not  much  warmer  than 
that  now  prevailing  in  corresponding  latitudes,  prepares  us  to  believe 
that  they  are  not  of  higher  antiquity  than  the  Older  Pliocene  era.* 

The  position  of  the  red  crag  in  Essex  to  the  subjacent  London 
clay  and  chalk  has  been  already  pointed  out  (fig.  142.).  Whenever 
the  two  divisions  are  met  with  in  the  same  district,  the  red  crag  lies 
uppermost ;  and,  in  some  cases^  as  in  the  section  represented  in 
fig.  143.,  it  is  observed  that  the  Mtr  or  coralline  laass  b  had  sufiered 
denudation  before  the  newer  fwrmwtion  a  was  thrown  down  tfpon  it. 

Fif.  M3. 

ShoUhluun 
6tttta&  Cawk. 


Section  near  Ipswich,  In  Suffolk. 
a.  Red  crag.  b.  Coralline  crag.  c.  London  clay. 

At  D  there  is  not  only  a  distinct  cliff,  8  or  10  feet  high,  of  coralline 
crag,  running  in  a  direction  N.E.  and  S.W.,  against  which  the  red 
crag  abuts  with  its  horizontal  layers ;  but  this  cliff  occasionally 
overhangs.  The  rock  composing  it  is  drilled  everywhere  by  J%o- 
ladesy  the  holes  which  they  perforated  having  been  afterwards  filled 
with  sand  and  covered  over  when  the  newer  beds  were  thrown  down. 
As  the  older  formation  is  shown  by  its  fossils  to  have  accumulated 
in  a  deeper  sea  (15,  and  sometimes  25,  fathoms  deep  or  more), 
there  must  no  doubt  have  been  an  upheaval  of  the  sea-bottom 
before  the  cliff  here  alluded  to  was  shaped  out.  We  may  also  con- 
clude that  so  great  an  amount  of  denudation  could  scarcely  take 
place,  in  such  incoherent  materials,  without  many  of  the  fossils  of  the 
inferior  beds  becoming  mixed  up  with  the  overlying  crag,  so  that 
considerable  difficulty  must  be  occasionally  experienced  by  the  palae- 
ontologist in  deciding  which  species  belong  severally  to  each  group. 
The  red  crag  being  formed  in  a  shallower  sea,  often  resembles 
in  structure  a  shifting  sand  bank,  its  layers  being  inclined  diago- 
nally, and  the  planes  of  stratification  being  sometimes  directed  in  the 

*  In  regarding  the  Suffolk  crag,  both  the  classification  adopted  by  me  in  tha 
red  and  coralline,  as  older  Pliocene  in-  Principles  and  £lemcnt»  of  Geology  ap 
stead  of  Miocene,  I  am  only  returning  to    to  the  year  1S3S. 
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same  quariy  to  the  four  cardinal  points  of  the  cotnpaes,  as  at  Butte^. 
That  in  tbis  and  laaay  other  localities,  such  a  structure  is  not  deceptive 
or  due  to  any  eubsequcot  coucretionar^  rearrangement  of  particles, 
or  to  mere  lines  of  colour,  ia  proved  by  each  bed  being  made  up  of  flat 
pieces  of  shell  which  lie  parallel  to  the  planes  of  the  smaller  strata. 

Some  fossils,  which  are  very  abundant  in  the  red  crag,  have 
never  been  found  in  the  white  or  coralline  division  ;  as  for  example, 
the  /"iMiw  eontrarius  (fig.  144.),  and  several  species  of  Buccinum  (or 
If^aisa)  and  Murex  (see  figs.  145,  146.),  which  two  genera  seem 
wanting  in  the  lower  crag. 

foullt  chuKUriuic  or  til*  Bid  Cnf. 


Fie  i«. 

4 


Among  the  bones  and  teeth  of  fishes  are  those  of  large  sharks 
(^Carehariai),  and  a  gigantic  skate  of  the  extinct  genus  Myliobatei, 
and  many  other  forms,  some  common  to  our  seas,  and  many  foreign 
to  them. 

The  distinctness  of  the  fossils  of  the  coralline  crag  arises  in  part 
from  higher  antiquity,  and,  in  some  degree,  from  a  difference  in  the 
geographical  conditions  of  the  submarine  bottom.  The  prolific 
growth  of  corals,  echini,  and  a  prodigious  variety  of  testacea,  implies 
n  region  of  deeper  and  more  tranquil  water ;  whereas,  the  red  crag 
may  have  been  formed  afterwords  on  the  same  spot,  when  the  water 
was  shallower.  In  the  mean  time  the  climate  may  have  become 
somewhat  cooler,  and  some  of  the  zoophytes  which  flourished  in  ttie 
first  period  may  have  disappeared,  so  that  the  fauna  of  the  red  crag 
acquired  a  character  somewhat  more  nearly  resembling  that  of  our 
northern  sens,  as  is  implied  by  the  large  development  of  certain 
sections  of  the  genera  Fiuus,  Buccinum,  Purpura,  and  Trochui, 
proper  to  higher  latitudes,  and  which  are  wanting  or  feebly  repre- 
sented in  the  inferior  crag. 

Some  of  the  corals  of  the  lower  crag  of  Sufiblk  belong  to  genera 
unknown  in  the  living  creation,  and  of  a  very  peculiar  structure ;  as, 
for  example,  that  represented  in  the  annexed  lig.  (148.),  which  is  one 
of  several  species  having  a  globular  form.  The  great  number,  and 
variety  of  these  zoophytes  probably  indicate  an  equable  climate,  free 


from  intense  cold  in  winter.  On  the  other  hand,  that  the  heat  was 
never  excessive  ia  conftrroed  bj  tlie  prevalence  of  northern  forms 
among  the  testacea,  such  aa  the  Glycimeru,  Ct/prina,  and  Astarle. 
Of  the  genus  last  mentioned  (see  fig.  149.)  there  are  about  fourteen 


,  man^  of  them  being  rich  in  individuals ;  and  there  is  an 
obsence  of  genera  peculiar  to  hot  climates,  such  as 
Conut,  Oliva,  Mitra,  Faseiolaria,  CrauaUlla,  and 
others.  The  cowries  {Cyprma,  fig.  147.),  also,  are 
small,  and  belong  to  a  section  (  Trivia)  now  inhabiting 
the  colder  regions.  A  large  volute,  called  Valuta 
Lamberii  (fig.  150.),  may  seem  an  exception;  but  it 
differs  in  form  from  the  volutes  of  the  torrid  zone,  and 
may,  like  the  living  Votata  Magellanica,  have  been 
fitted  for  an  extra -tropical  climate. 

The  occurrence  of  a  species  of  Lingula  at  Sutton  is 
f  worthy  of  remark,  as  these  Brachiopoda  seem  now 
iiKiiiid.  confined  to  more  equatorial  latitudes,  and  the  same  may 
i  still  more  decidedly  of  a  species  of  Pgrula,  allied  to  P.  reti- 
•:    Whether,  therefore,  we  may  incline  to  the  belief  that  the 
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mean  annual  temperature  was  higher  or  lower  than  now,  we  may  at 
least  infer  that  the  climate  and  geographical  conditions  were  by  no 
means  the  same  at  the  period  of  the  Suffolk  crag  as  those  now  pre- 
vailing in  the  same  region. 

Of  the  echinoderms  of  the  coralline  crag  about  eleven  species  are 
known,  but  some  of  thefic  are  in  too  fragmentary  a  condition  to 
admit  of  exact  comparison.  Of  six  which  are  the  most  perfect, 
Prof.  E.  Forbes  has  been  able  to  identify  three  with  recent  species : 
one  of  which,  of  the  genus  Echinus,  is  British ;  a  second,  Echino' 
cyamusy  British  and  Mediterranean ;  and  a  third.  Echinus  mo- 
nilisy  a  Mediterranean  species,  ateo  found  fossil  in  the  faluns  of 
Touraioe. 

One  of  Ac  most .  interesting  conclusions  deduced  from  a  care- 
ful comparison  of  the  shells  of  these  British  Older  Pliocene  strata 
and  those  now  inhabiting  our  seas,  has  been  pointed  out  by  Prof. 
E.  Forbes.  It  appears  that,  during  the  glacial  period,  a  period 
intermediate,  as  we  have  seen,  between  that  of  the  crag  and  our  own 
times,  many  shells,  previously  established  in  the  temperate  zone,  re- 
treated southwards  to  avoid  an  uncongenial  climate.  The  Professor 
has  given  a  list  of  fifty  shells  which  inhabited  the  British  seas  while 
the  coralline  and  red  crag  were  forming,  and  which  are  wanting 
in  the  Pleistocene  or  glacial  deposits.  They  must,  therefore,  after 
their  migration  to  the  south,  have  made  their  way  northwards 
again.  In  corroboration  of  these  views,  it  is  stated  that  all  these 
fifty  species  occur  fossil  in  the  Newer  Pliocene  strata  of  Sicily, 
Southern  Italy,  and  the  Grecian  Archipelago,  where  they  may  have 
enjoyed,  during  the  era  of  floating  icebergs,  a  climate  resembling 
that  now  prevailing  in  higher  European  latitudes.* 

In  the  red  crag  at  Felixstow,  in  Suffolk,  Professor  Hen  slow  has 
found  the  ear-bones  of  no  less  than  four  species  of  cetacea,  which, 
according  to  Mr.  Owen,  are  the  remains  of  true  whales  of  the  family 
Balcenidce,  Mr.  Wood  is  of  opinion  that  these  cetacea  may  be  of 
the  age  of  the  red  crag,  or  if  not  that  they  may  be  derived  from  the 
destruction  of  beds  of  coralline  crag.  I  agree  with  him  that  the 
supposition  of  their  having  been  washed  out  of  the  London  clay,  in 
which  no  BalcenidiB  have  yet  been  met  with»  is  improbable. 

Strata  containing  fossil  shells,  like  those  of  the  Suffolk  crag,  above 
described,  have  been  found  at  Antwerp,  and  on  the  banks  of  the 
Scheldt  below  that  city.  In  1840  I  observed  a  small  patch  of  them 
near  Valognes,  in  Normandy ;  and  there  is  also  a  deposit  containing 
similar  fossils  at  St.  Greorge  Bohon,  and  several  places  a  few  leagues 
to  the  S.  of  Carentan,  in  Normandy ;  but  they  have  never  been 
traced  farther  southwards. 

Suhapennine  strata,  —  The  Apennines,  it  is  well  known,  are  com- 
posed chiefly  of  secondary  rocks,  forming  a  chain  which  branches  off 
from  the  Ligurian  Alps  and  passes  down  the  middle  of  the  Italian 
peninsula.     At  the  foot  of  these  mountains,  on  the  side  both  of  th^ 

•  E.  Forbes,  Mem.  GeoL  Surrey,  Gt.  Brit,  vol.  I  386, 
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Adriatic  and  the  Mediterranean,  are  found  a  series  of  tertiary  strata, 
which  form,  for  the  most  part,  a  line  of  low  hills  occupying  the  space 
between  the  older  chain  and  the  sea.  Brocchi,  as  we  have  seen 
(p.  105.),  was  the  first  Italian  geologist  who  described  this  newer 
group  in  detail,  giving  it  the  name  of  the  Subapennines ;  and  he 
classed  all  tiie  tertiary  strata  of  Italy,  from  Piedmont  to  Calabria,  as 
parts  of  the  same  system.  Certain  mineral  characters,  he  observed, 
were  common  to  the  whole;  for  the  strata  consist  generally  of  light 
brown  or  blue  marl,  covered  by  yellow  calcareous  sand  and  gravel. 
There  are  also,  he  added,  some  species  of  fossil  shells  which  are  found 
in  these  deposits  throughout  the  whole  of  Italy. 

We  have  now,  however,  satisfactory  evidence  that  the  Subapennine 
beds  of  Brocchi  belong,  at  least,  to  three  periods.  To  the  Miocene 
we  can  refer  a  portion  of  the  strata  of  Piedmont,  those  of  the  hill  of 
the  Superga,  for  example ;  to  the  Older  Pliocene,  part  of  the  strata  of 
northern  Italy,  of  Tuscany,  and  of  Rome ;  while  the  tufnceous  for- 
mations of  Naples,  of  Ischia,  and  the  calcareous  strata  of  Otranto, 
are  referable  to  the  Newer  Pliocene,  and  in  great  part  to  the  Post- 
Pliocene  period. 

That  there  is  a  considerable  correspondence  in  the  mineral  com- 
position of  these  different  Italian  groups  is  undeniable  ;  but  not  that 
exact  resemblance  which  should  lead  us  to  assume  a  precise  identity 
of  age,  unless  the  fossil  remains  agreed  very  closely.  It  is  now  in- 
dispensable that  a  new  scrutiny  should  be  made  in  each  particular 
district,  of  the  fos&ils  derived  from  the  upper  and  lower  beds  — 
especially  such  localities  as  Asti  and  Parma,  where  the  formation 
attains  a  great  thickness;  and  at  Sienna,  where  the  shells  of  the 
incumbent  yellow  sand  are  generally  believed  to  approach  much  more 
nearly,  as  a  whole,  to  the  recent  fauna  of  the  Mediterranean  than 
those  in  the  subjacent  blue  marL 

The  greyish  brown  or  blue  marl  of  the  Subapennine  formation  is 
very  aluminous,  and  usually  contains  much  calcareous  matter  and 
scales  of  mica.  Near  Parma  it  attains  a  thickness  of  2000  feet,  and 
is  charged  throughout  with  marine  shells,  some  of  which  lived  in 
deep,  others  in  shallow  water,  while  a  few  belong  to  freshwater 
genera,  and  must  have  been  washed  in  by  rivers.  Among  these 
last  I  have  seen  the  common  Limnea  palustris  in  the  blue  marl, 
filled  with  small  marine  shells.  The  wood  and  leaves,  which  occa- 
sionally form  beds  of  lignite  in  the  same  deposit,  may  have  been 
carried  into  the  sea  by  similar  causes.  The  shells,  in  general,  are 
soft  when  first  taken  from  the  marl,  but  they  become  hard  when 
dried.  The  superficial  enamel  is  often  well  preserved,  and  many 
shells  retain  their  pearly  lustre,  part  of  their  external  colour,  and 
even  the  ligament  which  unites  the  valves.  No  shells  are  more 
usually  perfect  than  the  microscopic  foraminifera,  which  abound  near 
Sienna,  where  more  than  a  thousand  full-grown  individuals  may  be 
sometimes  poured  out  of  the  interior  of  a  single  univalve  of  moderate 
dimensions. 

The  other  member  of  the  Subapennine  group,  the  yellow  sand  and 
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conglomerate,  constitutes,  in  most  places,  a  border  formation  near  the 
junction  of  the  tertiary  and  secondary  rocks.  In  some  cases,  as  near 
the  town  of  Sienna,  we  see  sand  and  calcareous  gravel  resting  imme- 
diately on  the  Apennine  limestone,  without  the  intervention  of  any 
blue  marl.  Alternations  are  there  seen  of  beds  containing  fluviatile 
shells,  with  others  filled  exclusively  with  marine  species ;  and  I  ob- 
served oysters  attached  to  many  limestone  pebbles.  This  appears  to 
have  been  a  point  where  a  river,  flowing  from  the  Apennines,  en- 
tered the  sea  when  the  tertiary  ptrata  were  formed. 

The  sand  passes  in  some  districts  into  a  calcareous  sandstone,  as 
at  San  Yignone.  Its  general  superposition  to  the  marl,  even  in  parts 
of  Italy  and  Sicily  where  the  date  of  its  origin  is  very  distinct,  may 
be  explained  if  we  consider  that  it  may  represent  the  deltas  of  rivers 
and  torrents,  which  gained  upon  the  bed  of  the  sea  where  blue  marl 
had  previously  been  deposited.  The  latter,  being  composed  of  the 
finer  and  more  transportable  mud,  would  be  conveyed  to  a  distance, 
and  first  occupy  the  bottom,  over  which  sand  and  pebbles  would 
afterwards  be  spread,  in  proportion  as  rivers  pushed  their  deltas 
farther  outwards.  In  some  large  tracts  of  yellow  sand  it  is  impos- 
sible to  detect  a  single  fossil,  while  in  other  places  they  occur  in 
profusion.  Occasionally  the  shells  are  silicified,  as  at  San  Yitale, 
near  Parma,  from  whence  I  saw  two  individuals  of  recent  species, 
one  freshwater  and  the  other  marine  {Limnea  palustris,  and  Cytherea 
concentrica,  Lam.),  both  perfectly  converted  into  flint, 

Rome.  —  The  seven  hills  of  Rome  are  composed  partly  of  marine 
tertiary  strata,  as  those  of  Monte  Mario,  for  example^  of  the  Older 
Pliocene  period,  and  partly  of  superimposed  volcanic  tuff,  on  the 
top  of  which  are  usually  cappings  of  a  fluviatile  and  lacustrine  de- 
posit. Thus,  on  Mount  Aventine,  the  Vatican,  and  the  Capitol,  we 
find  beds  of  calcareous  tufa  with  incrusted  reeds,  and  recent  ter- 
restrial shells,  at  the  height  of  about  200  feet  above  the  alluvial  plain 
of  the  Tiber.  The  tusk  of  the  mammoth  has  been  procured  from 
this  formation,  but  the  shells  appear  to  be  all  of  living  species,  and 
must  have  been  imbedded  when  the  summit  of  the  Capitol  was  a 
marsh,  and  constituted  one  of  the  lowest  hollows  of  the  country  as  it 
then  existed.  It  is  not  without  interest  that  we  thus  discover  the 
extremely  recent  date  of  a  geological  event  which  preceded  an  his- 
torical era  so  remote  as  the  building  of  Rome. 


MIOCENE   FORMATIONS. 

Faluns  of  Tonraine,  —  The  Miocene  strata,  corresponding  with 
those  named  by  many  geologists  "  Middle  Tertiary,"  will  next  claim 
out  attention.  Near  the  towns  of  Dinan  and  Rcnnes,  in  Brittany, 
and  again  in  the  provinces  bordering  the  Loire,  a  tertiary  formation, 
containing  anotlier  assemblage  of  fossils,  is  met  with,  to  which  the 
name  of  Faluns  has  been  long  given  by  the  French  agriculturists, 
who  spread  the  shelly  sand  and  marl  over  the  land,  in  the  same 
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manner  aa  the  crof;  was  formerly  much  used  in  Suffolk.  looUted 
masses  of  these  faluna  occur  from  near  the  mouth  of  the  Loire,  near 
Nantes,  as  for  as  a  district  south  of  Tours.  Tliey  are  also  found  nt 
Fontlevoy,  on  the  Cher,  about  70  miles  above  the  junction  of  that 
rivei*  with  the  Loire,  and  30  miles  S.E.  of  Tours.  I  have  visited  all 
the  localities  above  mentioned,  and  found  the  beds  to  consist  princi- 
pally of  sand  and  marl,  in  which  are  shells  and  corals,  some  entire, 
some  rolled,  and  others  in  minute  fragments.  In  certain  districts,  as 
at  Done,  in  the  department  of  Maine  and  Loire,  10  miles  S.  W.  of 
Saumur,  they  form  a  soft  bull  ding -stone,  chiefly  composed  of  an 
aggregate  of  broken  aliells,  corals,  and  eehinoderma,  united  by  a  cal- 
careous cement ;  the  whole  mass  being  very  like  the  coralline  crag 
near  AlJborough  and  Sudbourn  in  Suffolk.  The  scattered  patches 
of  faluns  are  of  slight  thickness,  rarely  exceeding  50  feet ;  and  be- 
tween the  district  called  Sologne  and  the  sea  tbey  repose  on  a  great 
variety  of  older  rocks ;  being  seen  to  rest  successively  upon  gneiss, 
clftyslate,  and  various  secondary  formations,  including  the  chalk  ;  and, 
lastly,  upon  the  upper  freshwater  limestone  of  the  Parisian  tertiary 
scries,  vrbich,  ns  before  mentioned  (p.  106.),  stretches  continuously 
from  the  basin  of  the  Seine  to  that  of  the  Loire. 

At  some  points,  as  at  Louans,  south  of  Tours,  the  shells  arc  stained 
of  a  ferruginous  colour,  not  unlike  that  of  the  red  crag  of  Suffolk. 
The  species  are,  for  the  most  part,  marine,  hut  a  few  of  thcra  belong 
to  land  and  fluviatile  genera.  Among  the  former.  Helix  turonensit 
(6g.  4d.  p.  30.)  is  the  most  abundant.  Remains  of  terrestrial  quad- 
rupeds are  here  and  there  intermixed,  belonging  to  the  genera  Deino- 
tlicrium,  Mastodon,  lihinoceros,  Hippopotamus,  Choiropotamus,  Di- 
chobune,  Deer,  and  others,  and  these  arc  accompanied  by  eetacea, 
such  as  the  Lamantine,  Morse,  Sea-calf,  and  Dolphin,  all  of  extinct 
species. 

Piofessor  E.  Forbes,  after  studying  the  fossil  testacea  which  1 
obtained  from  these  beds,  informs  me  that  be  has  no  doubt  they 
were  formed  portly  on  the  shore  itself  at  the  level  of  low  water,  and 
partly  at  very  moderate  deptlis,  not  exceeding  10  fathoms  below  that 
level.  The  molluscous  fauna  of  the  "  faluns  "  is  on  the  whole  much 
more  tittorat  than  that  of  the  red  and  coralline  crng  of  Suffolk,  and 
implies  a  shallower  sea.  It  is,  moreover,  contrasted  with  the  Suffolk 
crag  by  the  indications  it  affords  of  an  extra-European  climate.  Thus 
it  contains  seven  species  of  Cifpraa,  some  larger  than  any  existing 
cowry  of  the  Mediierranean,  several  species  of  Oliva,  AiicUtaria, 
Milra,  Terebra,  Pt/rula,  Faseiolaria,  and  Conua.  Of  the  cones  there 
are  no  less  than  eight  species,  some  very  large,  whereas  the  only 
European  cone  is  of  diminutive  size.  The  genus  Nerita,  and  many 
others,  are  also  represented  by  individuals  of  a  type  now  character- 
istic of  equatorial  seas,  and  wholly  unlike  any  Mediterranean  forms. 
These  proofs  of  a  more  elevated  temperature  seem  to  imply  the 
higher  antiquity  of  the  faluns  as  compared  with  the  Suflblk  cn^,  and 
ore  in  perfect  accordance  with  the  fact  of  the  smaller  proportion  of 
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Out  of  290  species  of  shells,  collected  by  myself,  in  1840,  at 
Fontlevoj,  Lonans,  Boss^e,  and  other  villages  20  miles  south  of 
Tours;  and  at  Savign^  about  16  miles  north-west  of  that  place; 
72  only  could  be  identified  with  recent  species,  wliich  is  in  the 
proportion  of  25  per  cent.  A  large  number  of  the  290  species 
are  common  to  all  the  localities,  those  peculiar  to  each  not  being 
more  numerous  than  we  might  expect  to  find  in  different  bays  of  the 
same  sea. 

The  total  number  of  mollusca  from  the  faluns,  in  my  possession,  is^ 
302,  of  which  45  only  were  found  by  Mr.  Wood  to  be  common  to  the 
Suffolk  crag.  The  number  of  corals  obtained  by  me  at  Doue,  and 
other  localities  before  adverted  to,  amounts  to  43,  as  determined  by 
Mr.  Lonsdale,  of  which  7  agree  specifically  with  those  of  the  Suffolk 
crag.  Only  one  has,  as  yet,  been  identified  with  a  living  species.  But 
it  is  difficiUt,  if  not  impossible,  to  institute  at  present  a  satisfactory 
comparison  between  fossil  and  recent  Pol^paria,  from  the  deficiency 
of  our  knowledge  of  the  living  species.  Some  of  the  genera  occurring 
fossil  in  Touraine,  as  the  Astrea,  Lunulites,  and  Dendrophyllia^ 
have  not  been  found  in  European  seas  north  of  the  Mediterranean  ; 
nevertheless  the  Polyparia  of  the  faluns  do  not  seem  to  indicate  on 
the  whole  so  warm  a  climate  as  would  be  inferred  from  the  shells. 

It  was  stated  that,  on  comparing  about  300  species  of  Touraine 
shells  with  about  450  from  the  Suffolk  crag,  45  only  were  found  to 
be  common  to  both,  which  is  in  the  proportion  of  only  15  per  cent. 
The  same  small  amount  of  agreement' is  found  in  the  corals  also.  I 
formerly  endeavoured  to  reconcile  this  marked  difference  in  species 
with  the  supposed  co-existence  of  the  two  faunas,  by  imagining  them 
to  have  severally  belonged  to  distinct  zoological  provinces  or  two 
seas,  the  one  opening  to  the  north,  and  the  other  to  the  south,  with  a 
barrier  of  land  between  them,  like  the  Isthmus  of  Suez,  separating 
the  Red  Sea  and  the  Mediterranean.  But  I  now  abandon  that  idea 
for  several  reasons ;  among  others,  because  I  succeeded  in  1841  in 
tracing  the  Crag  fauna  southwards  in  Normandy  to  within  70  miles 
of  the  Falunian  type,  near  Dinan,  yet  found  that  both  assemblages  of 
fossils  retained  their  distinctive  characters,  showing  no  signs  of  any 
blending  of  species  or  transition  of  climate. 

On  a  comparison  of  280  Mediterranean  shells  with  600  British 
species,  made  for  me  by  an  experienced  conchologist  in  1841,  160 
were  found  to  be  common  to  both  collections,  which  is  in  the  pro- 
portion of  57  per  cent.,  a  fourfold  greater  specific  resemblance  than 
between  the  seas  of  the  crag  and  the  faluns,  notwithstanding  the 
greater  geographical  distance  between  England  and  the  Mediter- 
ranean than  between  Suffolk  and  the  Loire.  The  principal  grounds, 
however,  for  referring  the  English  crag  to  the  older  Pliocene  and  the 
French  faluns  to  the  Miocene  epochs,  consist  in  tlie  predominance  of 
fossil  shells  in  the  British  strata  identifiable  with  species,  not  only  still 
living,  but  which  are  now  inhabitants  of  neighbouring  seas,  while 
the  accompanying  extinct  species  are  of  genera  such  as  characterize 
Europe.    In  the  faluns,  on  the  contrary,  the  rec^Qt  species  aro  in  a 
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decided  minority,  and  manj  of  them,  like  the  associated  extinct 
testacea,  are  mach  less  European  in  character,  and  point  to  the  pre- 
valence of  a  warmer  climate, —  in  other  words,  to  a  state  of  things 
receding  farther  from  the  present  condition  of  Ekirope?  geogri^hically 
and  dimatologicallj,  and  doubdess,  therefore,  receding  farther  in 
time. 

Bordeaux* — A  great  extent  of  country  between  the  Pyrenees  and 
the  Gironde  is  overspread  by  tertiary  deposits,  which  have  been 
more  particularly  studied  in  the  environs  of  Bordeaux  and  Dax, 
from  whence  about  700  species  of  shells  have  been  obtained.  A 
large  proportion  of  these  shells  belong  to  the  same  zoological  type  as 
those  of  Touraine ;  but  many  are  peculiar,  and  the  whole  may 
possibly  constitute  a  somewhat  older  division  of  the  Miocene  period 
than  the  faluns  of  the  Loire.  We  must  wait,  however,  for  farther 
investigations,  in  order  to  decide  this  question  with  accuracy. 

Piedmont. — Many  of  the  shells  peculiar  to  the  hill  of  the  Superga, 
near  Turin,  agree  with  those  found  at  Bordeaux  and  Dax  ;  but  the 
proportion  of  recent  species  is  much  less.  The  strata  of  the  Su[>erga 
consist  of  a  bright  green  sand  and  marl,  and  a  conglomerate  with 
pebbles,  chiefly  of  green  serpentine,  and  are  inclined  at  an  angle  of 
more  than  70^.  This  formation,  which  attains  a  great  thickness  in 
the  valley  of  the  Bormida,  is  probably  one  of  the  oldest  Miocene 
groups  hitherto  discovered. 

Molasse  of  Switzerland, — K  we  cross  the  Alps,  and  pass  from 
Piedmont  to  Savoy,  we  find  there,  at  the  northern  base  of  the  great 
chain,  and  throughout  the  lower  country  of  Switzerland,  a  soft  green 
sandstone  much  resembling  some  of  the  beds  of  the  basin  of  the 
Bormida,  above  described,  and  associated  in  a  similar  manner  with 
marls  and  conglomerate.  This  formation  is  called  in  Switzerland 
"  molasse,''  said  to  be  derived  from  "  mol,"  "  *oA"  because  the  stone 
is  easily  cut  in  the  quarry.  It  is  of  vast  thickness,  and  probably 
divisible  into  several  formations.  How  large  a  portion  of  these 
belong  to  the  Miocence  period  cannot  yet  be  determined,  as  fossil 
shells  are  often  entirely  wanting.  In  some  places  a  decided  agree- 
ment of  the  fossil  fishes  of  the  molasse  and  faluns  has  been  observed. 
Among  those  common  to  both,  M.  Agassiz  pointed  out  to  me  Lamna 
contortidensy  Myliobates  Sttideriy  Spherodus  cijictusy  Notidanus 
primigenius^  and  others. 

Lisbon. — Marine  tertiary  strata  near  Lisbon  contain  shells  which 
agree  very  closely  with  those  of  Bordeaux,  and  are  therefore  referred 
to  the  Miocene  era.  Thus,  out  of  112  species  collected  by  Mr.  Smith 
of  Jordanhill,  between  60  and  70  were  found  to  be  common  to  the 
strata  of  Bordeaux  and  Dax,  the  reoent  species  being  in  the  pro- 
portion of  21  per  cent. 

Older  Pliocene  and  Miocene  formations  in  the  United  States,  — 
Between  the  Alleghany  mountains,  formed  of  older  rocks,  and  the 
Atlantic,  there  intervenes,  in  the  United  States,  a  low  region  occupied 
principally  by  beds  of  marl,  clay,  and  sand,  consisting  of  the  cretaceous 
and  tertiary  formations,  and  chiefly  of  the  latter     The  general  eleva 
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tion  of  this  plain  bordering  the  Atlantic  does  not  exceed  100  feet. 
Although  it  ia  sometimes  several  hundred  feet  high.  Its  width  in  the 
middle  and  southern  states  is  very  commonly  from  100  to  150  mifia. 
It  conBista,  in  the  South,  as  in  Georgia,  Alabama,  and  South  Carolina, 
almost  exclusively  of  Eocene  deposits ;  but  in  North  Carolina,  Mary- 
land, Virginia,  and  Delaware,  more  modern  strata  predominate,  which 
I  have  assimilated  in  age  to  the  English  crag  and  Faluns  of  Touraine." 
If,  chronologically  speaking,  they  can  be  truly  said  to  he  the  repi'e- 
sentatives  of  these  two  European  formations,  they  may  range  in  age 
from  the  Older  Pliocene  to  the  Miocene  epoch,  according  to  the  classi- 
Scntion  of  European  atrata  adopted  in  this  chapter. 

The  proportion  of  fossil  shells  agreeing  with  recent,  out  of  147 
species  collected  by  me,  amounted  to  about  17  per  cent,  or  one-sixth 
of  the  whole ;  but  as  the  fossils  so  assimilated  were  almost  always  the 
same  as  species  now  living  in  the  neighbouring  Atlantic,  the  number 
may  hereafter  be  augmented,  when  the  recent  fauna  of  that  ocean  is 
better  known.  In  different  localiliea,  also,  thj  |  roportion  of  recent 
species  varied  considerably. 

On  the  banks  of  the  James  River,  in  Virginia,  about  20  miles  below 
Richmond,  in  a  cliff  about  30  feet  high,  I  observed  yellow  and  white 
sands  overlying  an  Eocene  marl,  just  as  the  yellow  sands  of  the  crag  lie 
on  the  blue  London  clay  in  Suffolk  and  Essex  in  England.  In  the 
Virginian  sands,  we  find  a  profuEion  of  an  Astarte  {A.  undulata,  Con- 
rad), which  resembles  closely,  and  may  possibly  be  a  variety  of,  one  of 
the  commonest  fossils  of  the  Suffolk  crag  {A.  bipartita) ;  the  other  shells 
also,  of  the  genera  Natica,  Fisiurella,  ArtemU,  Lucina,  Chama,  Pec- 
tunculus,  and  Pecten,  are  analogous  to  sheila  both  of  the  English  crag 
and  French  faluns,  although  the  species  are  almost  all  distinct.  Out  of 
147  of  these  American  fossils  I  could  only  find  13  species  common  to 
Europe,  and  these  occur  partly  in  the  Suffolk  crag,  and  partly  in  the 
faluns  of  Touraine ;  hut  it  is  an  import  ant  characteristic  of  the  Ameri- 
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can  group,  that  it  not  only  contains  many  peculiar  extinct  forms,  such 
as  Fasus  quadrtcostatus.  Say  (see  fig.  152.),  and  Venus  tridacnoides, 
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abundant  in  these  same  formations,  but  also  some  shells  which,  like 
Fulgurcarica  of  Say,  and  F,  canaliculatus  (see  ?ig,  151.),  Calyptrcea 
costattty  Venus  mercenaria,  Lam,  Modiola  glandula,  Totten,  and  Pecten 
magellanicusy  Lam.,  are  recent  species,  yet  of  forms  now  confined  to 
the  western  side  of  the  Atlantic,  a  fact  implying  that  the  beginning 
of  the  present  geographical  distribution  of  moUusca  dates  back  to  a 
period  as  remote  as  that  of  the  Miocene  strata. 

Of  ten  species  of  zoophytes  which  I  procured  on  the  banks  of 
the  James  River,  two  were  identical  with  species  of  the  Faluns  of 
Touraine.  With  respect  to  climate,  Mr.  Lonsdale  regards  these  corals 
as  indicating  a  temperature  exceeding  that  of  the  Mediterranean,  and 
the  shells  would  lead  to  similar  conclusions.  Those  occurring  on  the 
James  River  are  in  the  37th  degree  of  N.  latitude,  while  the  French 
faluns  are  in  the  47th ;  yet  the  forms  of  the  American  fossils  would 
scarcely  imply  so  warm  a  climate  as  must  have  prevailed  in  France, 
when  the  Miocene  strata  of  Touraine  originated. 

Among  the  remains  of  fish  in  these  Post-Eocene  strata  of  the  United 
States  are  several  large  teeth  of  the  shark  family,  not  distinguishable 
specifically  from  fossils  of  the  faluns  of  Touraine,  and  the  Maltese 
tertiaries. 

India, — The  freshwater  deposits  of  the  Sub-Himalayan  or  Scwalik 
Hills,  described  by  Dr.  Falconer  and  Captain  Cautley,  may  perhaps  be 
regarded  as  Miocene.  Like  the  faluns  of  Touraine,  they  contain  the 
Deinotherium  and  Mastodon.  Whether  any  of  the  associated  fresh- 
water and  land  shells  are  of  recent  species  is  not  yet  determined.  The 
occurrence  in  them  of  a  fossil  girafie  and  hippopotamus,  genera  now 
only  living  in  Africa,  as  well  as  of  a  camel,  implies  a  geographical  state 
of  things  very  different  from  that  now  established  in  the  same  parts  of 
India.  The  huge  Sivatherium  of  the  same  era  appears  to  have  been  a 
ruminating  quadruped  bigger  than  the  rhinoceros,  and  provided  with 
a  large  upper  lip,  or  probably  a  short  proboscis,  and  having  two  pair 
of  horns,  resembling  those  of  antelopes.  Several  species  of  monkey 
belonged  to  the  same  fauna ;  and  among  the  reptiles,  several  crocodiles, 
larger  than  any  now  living,  and  an  enormous  tortoise,  Testudo  Atlas, 
the  curved  shell  of  which  measured  20  feet  across. 
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CHAPTER  XV. 


UPPER  EOCENE   FORMATIONS. 


Eocene  areas  in  England  and  France — Tabular  view  of  French  Eocene  strata^ 
Upper  Eocene  group  of  the  Pans  basin — Same  beds  in  Belgium  and  at  Berlin-^ 
Majence  tertiary  strata — Fi*esh water  upper  Eocene  of  Central  France — Scries  of 
geographical  changes  since  the  land  emerged  in  An\Trgne — Mineral  character 
afn  uncertain  test  of  age — Marls  containing  Cypris — Oolite  of  Eocene  period-^ 
Indnsial  limestone  and  its  origin — Fossil  mammalia  of  the  upper  Eocene  strata 
in  Auvergne — Freshwater  strata  of  the  Cantal,  calcareous  and  siliceous — Its 
resemblance  to  chalk — Proofs  of  gradual  deposition  of  strata. 

The  tertiary  strata  described  in  the  preceding  chapters  are  all  of 
them  characterized  by  fossil  shells,  of  which  a  considerable  proportion 
are  specifically  identical  with  the  living  mollusca ;  ahd  the  greater  the 
number,  the  more  nearly  does  the  entire  fauna  approach  in  species 
and  genera  to  that  now  inhabiting  the  adjoining  seas.  But  in  the 
Eocene  formations  next  to  be  considered,  the  proportion  of  recent 
species  is  very  small,  and  sometimes  scarcely  appreciable,  and  those 
agreeing  with  the  fossil  testacea  often  belong  to  remote  parts  of  the 
globe,  and  to  various  zoological  provinces.  This  difference  in  concho- 
logical  character  implies  a  considerable  interval  of  time  between  the 
Eocene  and  Miocene  periods,  during  which  the  whole  fauna  and  flora 
underwent  other  changes  as  great,  and  often  greater,  than  those  ex- 
hibited by  the  mollusca.  In  the  accompanying  map,  the  position  of 
several  Eocene  areas  is  pointed  out,  such  as  the  basin  of  the  Thames, 

Fig.  isa. 

Map  of  the  principal  tertiary  batlni  of  ttie  Eocme  period. 


Hj-pogene  rocki  and  strata 
older  tlian  the  Devonian 
or  Old  Red  series. 


Eocene  formatiuns. 


N.  B.  Tlio  space  left  blank  is  occupied  by  secondary  rormations  from  the  Devonian  or  old  red 
sandstone  to  the  chalk  inclusive. 
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part  of  Hampshire^  part  of  the  Netherlands,  and  the  country  round 
Paris.  The  deposits,  however,  occupying  these  spaces  comprise 
a  great  succession  of  marine  and  freshwater  formations,  which, 
although  they  may  all  be  termed  Eocene,  as  being  newer  than  the 
ehalk,  and  older  than  the  faluns,  are  nevertheless  divisible  into 
separate  groups,  of  high  geological  importance. 

The  newest  of  these,  like  the  Faluns  of  the  Loire,  have  no  true  re- 
presentatives, or  exact  ehroaological  equivalents  in  the  British  Isles. 
Their  place  in  the  series  will  best  be  understood  by  referring  to  the 
order  of  superposition  of  the  successive  deposits  found  in  the  neigh* 
bourhood  of  Paris.  The  area  which  has  been  called  the  Paris  basin 
is  about  180  miles  in  its  greatest  length  from  north-east  to  south- 
west, and  about  90  miles  from  east  to  west.  This  space  may  be 
described  as  a  depression  in  the  chalk,  which  has  been  filled  up  by 
alternating  groups  of  marine  and  freshwater  strata.  MM.  Cuvier 
and  Brongniart  attempted,  in  1811,  to  distinguish  ^ve  different  form- 
ations, comprising  three  freshwater  and  two  marine,  which  alter- 
nated with  each  other.  It  was  imagined  that  the  waters  of  the  ocean 
had  been  by  turns  admitted  and  excluded  from  the  same  region ; 
but  the  subsequent  investigations  of  several  geologists,  especially  of 
M.  Constant  Prevost,*  have  led  to  great  modifications  in  these  theo-  ' 
retical  views;  and  now  that  the  true  order  of  succession  is  better 
understood,  it  appears  that  several  of  the  deposits,  which  were  sup- 
posed to  have  originated  one  after  the  other,  were,  in  fact,  in  progress 
at  the  same  time  by  the  joint  action  of  the  sea  and  rivers. 

The  whole  series  of  strata  may  be  divided  into  three  groups,  as  ex- 
pressed in  the  following  table  : 

!a.  Upper  freshwater  limestone,  marls,  and  silicoons  mill- 
b.  Upper  marine  sands,  or  Fontainblcau  sandstone  and 
sand. 

a.  Lower  freshwater  limestone  and  marl,  or  gypseous 
series. 

b.  Sandstone  and  sands  with  marine  shcUs  (^Sables  moyens^ 
or  grk»  de  Beauehamp), 

c.  Calcaire  grossier,  limestone  with  marine  shells. 

d.  Calcaire  siliceux,  hard  siliceous  freshwater  limestone, 
for  the  most  part  contemporaneous  with  c. 


2.  Middle  Eocene    < 


3.  Lower  Eocene 


"a.  Lower  sands  with  marine  shelly  beds  (^Sables  inferieurs 

et  Uts  coquiUien). 
b.  Lower  sands,  with  lignite  and  plastic  clay    (^Seib'es 

injerieurs  et  arffUes  pltutiques). 


Postponing  to  the  next  chapter  the  consideration  of  the  Middle  and 
Lower  Eocene  groups,  I  shall  now  speak  of  the  Upper  Eocene  of 
Paris,  and  its  foreign  equivalents. 

The  upper  freshwater  marls  and  limestone  (1.  a)  seem  to  have 
been  formed  in  a  great  number  of  marshes  and  shallow  lakes,  such  as 
frequently  overspread  the  newest  parts  of  great  deltas.  It  appears 
that  many  layers  of  marl,  tufaceous  limestone,  and  travertin,  with 

*  Bulletin  dcs  Sci.  dc  la  Soc  Fhilom.,  May,  1825,  p.  74. 
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beds  of  flint,  continuous  or  in  nodules,  accumulated  in  these  lakes. 
Cham,  aquatic  plants,  already  alluded  to  (see  p.  32.),  left  their  stems 
and  seed-vessels  imbedded  both  in  the  marl  and  flint,  together  with 
freshwater  and  land  shells.  Some  of  the  siliceous  rocks  of  this 
formation  are  used  extensively  for  mill-stones.  The  flat  summits  or 
platforms  of  the  hills  round  Paris,  large  areas  in  the  forest  of  Fon- 
tainebleau,  and  the  Plateau  de  la  Beauce,  between  the  Seine  and  the 
Loire,  are  chiefly  composed  of  these  upper  freshwater  strata. 

The  upper  marine  sands  (1.  b),  consist  chiefly  of  micaceous  and 
quartoze  sands,  80  feet  thick.  As  they  succeed  throughout  an  ex- 
tensive area  deposits  of  a  purely  freshwater  origin  (2.  a),  they  appear 
to  mark  a  subsidence  of  the  subjacent  soil,  whether  it  had  formed  the 
bottom  of  an  estuary  or  a  lake.  The  sea,  which  afterwards  took 
possession  of  the  same  space,  was  inhabited  by  testacea,  almost  all  of 
them  differing  from  those  found  in  the  lower  formations  (2.  b  and  2.  c) 
and  equally  or  still  more  distinct  from  the  Miocene  Faluns  of  subse* 
quent  date.  One  of  these  upper  Eocene  strata  in  the  neighbourhood 
of  Paris  has  been  called  the  oyster  bed,  **  couche  h.  Ostrea  cyathula^ 
Lamk.,"  which  is  spread  over  a  remarkably  wide  area.  From  the 
manner  in  which  the  oysters  lie,  it  is  inferred  that  they  did  not  grow 
on  the  spot,  but  that  some  current  swept  them  away  from  a  bed  of 
oysters  formed  in  some  other  part  of  the  bay.  The  strata  of  sand 
which  immediately  repose  on  the  oyster-bed  are  quite  destitute  of 
organic  remains ;  and  nothing  is  more  common  in  the  Paris  basin, 
and  in  other  formations,  than  alternations  of  shelly  beds  with  others 
entirely  devoid  of  them.  The  temporary  extinction  and  renewal  of 
animal  life  at  successive  periods  have  been  rashly  inferred  from  such 
phenomena,  which  may  nevertheless  be  explained,  as  M.  Prevost 
justly  remarks,  without  appealing  to  any  such  extraordinary  revolu- 
tions in  the  state  of  the  animate  creation.  A  current  one  day  scoops 
out  a  channel  in  a  bed  of  shelly  sand  and  mud,  and  the  next  day,  by 
a  slight  alteration  of  its  course,  ceases  to  prey  upon  the  same  bank. 
It  may  then  become  charged  with  sand  unmixed  with  shells,  derived 
from  some  dune,  or  brought  down  by  a  river.  In  the  course  of  ages 
an  indefinite  number  of  transitions  from  shelly  strata  to  those  witliout 
shells  may  thus  be  caused. 

Besides  these  oysters,  M.  Deshayes  has  described  29  species  of  shells, 
in  his  work  (Coquilles  fossiles  de  Paris),  as  belonging  to  this  forma- 
tion, all  save  one  regarded  by  him  as  differing  from  fossils  of  the  cal- 
cairc  grossier.  Since  that  time  the  railway  cuttings  near  Etampes 
have  enabled  M.  Hebert  to  raise  the  number  to  90.  I  have  myself 
collected  fossils  in  that  district,  where  the  shells  are  very  entire,  and 
detachable  from  the  yellow  sandy  matrix.  M.  Ilebert  first  pointed 
out  that  most  of  them  agree  specifically  with  those  of  Kleyn-Spawen, 
Boom,  and  other  localities  of  Limburg  in  Flanders,  where  they  have 
been  studied  by  MM.  Nyst  and  De  Koninck.* 

The  position  in  Belgium  of  this  formation  above  the  older  Eocene 

♦  Ilobert.  Bulletin.  1849,  vol.  vi.  2il  scries,  p.  459. 
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group  is  well  seen  in  the  small  hill  of  Pellenberg,  rising  abruptly 
from  the  great  plain,  half  a  mile  south-^ast  of  the  city  of  Louvain, 
where  I  examined  it  in  company  with  M.  Nyst  in  1850.  At  the  top 
of  the  hill,  a  thin  bed  of  dark  greyish  green  tile-clay  is  seen  1^  foot 
thick,  with  casts  of  Nucula  Deshaysiana,  This  clay  rests  on  12 
feet  of  yellow  sand,  separated,  by  a  band  of  flint  and  quartz  pebbles, 
from  a  mass  of  subjacent  white  sand  15  feet  thick,  in  which  casts  of 
the  Kleyn-Spauwen  fossils  have  been  met  with.  Under  this  is  a  bed 
of  yellow  sand  12  feet  thick,  and,  at  a  lower  level,  the  railway  cuttings 
have  passed  through  calcareous  sands  like  those  of  Brussels,  in  which 
the  Nautiltis  Burtini,  and  various  shells  common  to  the  Eocene  strata 
near  London,  have  been  obtained. 

Professor  Beyrich  has  lately  described  a  tertiary  formation  of  the 
same  age,  occurring  within  7  miles  of  the  gates  of  Berlin,  near 
the  village  of  Hermsdorf,  where,  in  the  midst  of  the  sands  of  which 
that  country  chiefly  consists,  a  mass  of  tile-clay,  more  than  40  feet 
thick,  and  of  a  dark  blueish  grey  colour,  is  found,  full  of  shells,  among 
which  the  genera  Fustis  and  Pleurotoma  predominate,  and  among  the 
bivalves,  Nucula  Deshaysiana,  Nyst,  an  extremely  common  shell  in 
the  Belgian  beds  above-mentioned.  M.  Beyrich  has  identified  eighteen 
out  of  forty-five  species  of  the  Hermsdorf  fossils  with  the  Belgian 
species;  and  I  believe  that  a  much  larger  proportion  agree  with  the 
Upper  Eocene  of  Belgium,  France,  and  the  Rhine.  On  the  other 
hand,  eight  of  the  forty-five  species  are  supposed  by  him  to  agree  with 
English  Eocene  shells.  Messrs.  Morris,  Edwards,  and  S.  Wood  have 
compared  a  small  collection,  which  I  obtained  of  these  Berlin  shells, 
with  the  Eocene  fossils  of  their  museums,  and  confirmed  the  result  of 
M.  Beyrich,  the  species  common  to  the  English  fossils  belonging  not 
simply  to  the  uppermost  of  our  marine  beds,  or  those  of  Barton,  but 
some  of  them  to  lower  parts  of  the  series,  such  as  Bracklesham  and 
Highgate.  On  the  other  hand,  while  these  testacea,  like  those  of 
Kleyn  Spauwen  and  Etampes,  present  many  analogies  to  the  Middle 
and  Lower  Eocene  group,  they  differ  widely  from  the  Falun  shells,  — 
a  fact  the  more  important  in  reference  to  Etampes,  as  that  locality 
approaches  within  70  miles  of  Pontlevoy,  near  Blois,  and  within 
100  miles  of  Savigne,  near  Tours,  where  Falun  shells  are  found.  It  is 
evident  that  the  discordance  of  species  cannot  be  attributed  to  distance 
or  geographical  causes,  but  must  be  referred  to  time,  or  the  different 
epoch  at  which  the  upper  marine  beds  of  the  Paris  basin  and  the 
faluns  of  the  Loire  originated. 

It  was  necessary  to  dwell  on  these  points,  because  several  geologists 
of  high  authority  regard  the  beds  now  referred  to  as  Miocene,  or 
Middle  Tertiary,  and  I  felt  called  upon  to  explain  my  reasons  for 
classing  them  as  Upper  Eocene. 

Moyence, — The  true  chronological  relation  of  many  tertiary  strata 
on  the  banks  of  the  Rhine  has  always  presented  a  problem  of  con- 
siderable difliculty.  They  occupy  a  tract  from  5  to  12  miles  in 
breadth,  extending  along  the  left  bank  of  the  Rhine  from  Mayence 
to  the  neighbourhood  of  Manheim,  and  are  again  found  to  the  east, 
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north,  and  south-west  of  Frankfort.     In  some  places  thej  have  the 
appearance  of  a  freshwater  formation ;  but  in  others,  as  at  Alzej,  the 
shells  are  for  the  most  part  marine.     Cerithia  are  in  great  profusion, 
which  indicates  that  the  sea  where  the  deposit  was  formed  was  fed 
by  rivers ;  and  the  great  quantity  of  fossil  land  shells,  chiefly  of  the 
genus  Helix,  confirm  the  same  opinion.     The  variety  in  the  species 
of  shells  is  small,  while  the  individuals  are  exceedingly  namerous ; 
a  fact  which  accords  perfectly  with  the  idea  that  the  formation  may 
have  originated  in  a  gulf  or  sea  which,  like  the  Baltic,      pig.  \^ 
was  brackish  in  some  parts,  and  almost  fresh  in  others. 
A  species  of  Paludina  (fig.  154.),  very  nearly  resembling 
the  recent  Littorina  uiva,  is  found  throughout  this  basin. 
These  shells  are  like  grains  of  rice  in  size,  and  are  often 
in  such  quantity  as  to  form  entire  beds  of  marl  and  lime-     ptUmdimm. 
stone.     They  are  as  thick  as  grains  of  sand,  in  stratified      Majence. 
masses  from  15  to  30  feet  in  thickness. 

That  these  Rhenish  tertiary  formations  agree  more  nearly  with 
the  Upper  Eocene  deposits  above  enumerated,  than  with  any  others^ 
I  have  no  doubt,  since  I  had  the  advantage  of  comparing  (August, 
1850),  with  the  assistance  of  M.  de  Koninck  of  Liege,  the  fossils  from 
Kleyn  Spauwen,  Boom,  and  other  Limburg  localities,  with  those 
from  Mayence,  Alzey,  Weinheim,  and  other  Rhenish  strata.  Among 
the  common  Belgian  and  Rhenish  shells  which  are  identical,  I  may 
mention  Cassidaria  depressa,  Tritonium  Jiandricum  De  Koninck, 
Cerithium  tricinctum  Nyst,  TomateUa  simulatOy  Rostellaria  Sow^ 
erbi/ij  Nuctda  Deshaj/siana,  Corhula  pisum,  and  Pectunculus  tere^ 
bratularis. 

From  these  Upper  Pk)cene  deposits  of  the  Rhine  M.  H.  von  Meyer 
has  obtained  a  great  number  of  characteristic  fossil  mammalia,  such 
as  Palaiom{Bryx  medius,  Hyotherium  Meissneri,  Tapirus  Jlelveticus, 
Anthracotherium  Alsaticum,  and  others.  The  three  first  of  these 
are  species  common  to  some  of  the  lignite,  or  brown  coal  beds  in 
Switzerland,  commonly  classed  with  the  molasse,  but  of  which  the 
true  age  has  not  yet  been  distinctly  made  out. 

The  fossils  of  the  sandy  beds  of  Eppelsheim,  comprising  bones  of 
the  Deinotherium,  Mastodon,  and  other  quadrupeds,  are  regarded  by 
H.  von  Meyer  as  belonging  to  a  mammiferous  fauna  quite  distinct 
from  that  of  the  Mayence  basin,  and  they  are  probably  referable  to 
the  Miocene  period. 

The  upper  freshwater  strata  (l.a,  p.  175.),  of  the  neighbourhood  of 
Paris,  stretch  southwards  from  the  valley  of  the  Seine  to  that  of  the 
Loire,  and  in  tlie  last-mentioned  region  are  seen  to  be  older  than  the 
marine  faluns,  so  that  the  perforating  shells  of  the  Miocene  sea  have 
sometimes  bored  the  hard  compact  freshwater  limestones ;  and  frag- 
ments of  the  Upper  iiocene  rocks  are  found  at  Pontlevoy  and  else- 
where, which  have  been  rolled  in  the  bed  of  the  Miocene  sea. 

Central  France. — Lacustrine  strata  belonging,  for  the  most  part, 
to  the  same  Upper  Eocene  series  are  again  met  with  in  Auvergne 
Cantal,  and  Yclay,  the  sites  of  which  may  be  seen  in  the  annexed 
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map.     Thejr  appear  to  be  the  monnnients  of  ancient  lakes,  which, 
like  some  of  those  now  existing  in  Switzeriand,  odc«  occupied  th« 


depressions  in  a  mountainous  region,  and  have  been  each  fed  by  ono 
or  more  rirers  and  torrents.     The  coantT7Where  they  occur  is  almost 
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entirely  composed  of  granite  and  different  yarieties  of  granitic  schist, 
with  here  and  there  a  few  patches  of  secondary  strata,  much  dislo- 
cated, and  which  have  probably  suffered  great  denudation.  There 
are  also  some  vast  piles  of  volcanic  matter  (see  the  map),  the  greater 
part  of  which  is  newer  than  the  freshwater  strata,  and  is  sometimes 
seen  to  rest  upon  them,  while  a  small  part  has  evidently  been  of  con- 
temporaneous origin.  Of  these  igneous  rocks  I  shall  treat  more  par- 
ticularly in  another  part  of  this  work. 

Before  entering  upon  any  details,  I  may  observe,  that  the  study 
of  these  regions  possesses  a  peculiar  interest,  very  distinct  in  kind 
from  that  derivable  from  the  investigation  either  of  the  Parisian  or 
English  tertiary  strata.  For  we  are  presented  in  Auvergne  with  the 
evidence  of  a  series  of  events  of  astonishing  magnitude  and  grandeur, 
by  which  the  original  form  and  features  of  the  country  have  been 
greatly  changed,  yet  never  so  far  obliterated  but  that  they  may  still, 
in  part  at  least,  be  restored  in  imagination.  Great  lakes  have  dis- 
appeared, —  lofty  mountains  have  been  formed,  by  the  reiterated 
emission  of  lava,  preceded  and  followed  by  showers  of  sand  and 
scoriro, — deep  valleys  have  been  subsequently  furrowed  out  through 
masses  of  lacustrine  and  volcanic  origin, — at  a  still  later  date,  new 
cones  have  been  thrown  up  in  these  valleys, —  new  lakes  have  been 
formed  by  the  damming  up  of  rivers, — and  more  than  one  creation  of 
quadrupeds,  birds,  and  plants.  Eocene,  Miocene,  and  Pliocene,  have 
followed  in  succession ;  yet  the  region  has  preserved  from  first  to  last 
its  geographical  identity ;  and  we  can  still  recall  to  our  thoughts  its 
external  condition  and  physical  structure  before  these  wonderful 
vicissitudes  began,  or  while  a  part  only  of  the  whole  had  been  com- 
pleted. There  was  first  a  period  when  the  spacious  lakes,  of  which 
we  still  may  trace  the  boundaries,  lay  at  the  foot  of  mountains  of 
moderate  elevation,  unbroken  by  the  bold  peaks  and  precipices  of 
Mont  Dor,  and  unadorned  by  the  picturesque  outline  of  the  Puy  de 
Dome,  or  of  the  volcanic  cones  and  craters  now  covering  the  granitic 
platform.  During  this  earlier  scene  of  repose  deltas  were  slowly 
formed  ;  beds  of  marl  and  sand,  several  hundred  feet  thick,  de)H>sited ; 
siliceous  and  calcareous  rocks  precipitated  from  the  waters  of  mineral 
springs ;  shells  and  insects  imbedded,  together  with  the  remains  of 
the  crocodile  and  tortoise,  the  eggs  and  bones  of  water  birds,  and  the 
skeletons  of  quadrupeds,  some  of  them  belonging  to  the  same  genera 
as  those  entombed  in  the  Eocene  gypsum  of  Paris.  To  this  tranquil 
condition  of  the  surface  succeeded  the  era  of  volcanic  eruptions,  when 
the  lakes  were  drained,  and  w^hen  the  fertility  of  the  mountainous 
district  was  probably  enhanced  by  the  igneous  matter  ejected  from 
below,  and  poured  down  upon  the  more  sterile  granite.  During  these 
erupti(»ns,  which  appear  to  have  taken  place  after  the  disappearance 
of  the  Eocene  fauna,  and  in  the  Miocene  epoch,  the  mastodon,  rhino- 
cero-s  elephant,  tapir,  hippopotamus,  together  with  the  ox,  various 
kiiMl.s  of  deer,  the  bear,  hyajna,  and  many  beasts  of  prey,  ranged  the 
forest,  or  pastured  on  the  plain,  and  were  occasionally  overtaken  by 
a  fall  of  burning  cinders,  or  buried  in  flows  of  mud,  such  as  accompany 
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volcanic  eruptions.  Lastly,  these  quadrupeds  became  extinct,  and 
gave  place  to  Pliocene  mammalia,  and  these,  in  their  turn,  to  species 
now  existing.  There  are  no  signs,  during  the  whole  time  required 
for  this  series  of  events,  of  the  sea  having  intervened,  nor  of  any 
denudation  which  may  not  have  been  accomplished  by  currents  in 
the  different  lakes,  or  by  rivers  and  floods  accompanying  repeated 
earthquakes,  during  which  the  levels  of  the  district  have  in  some 
places  been  materially  modified,  and  perhaps  the  whole  upraised  re- 
latively to  the  surrounding  parts  of  France. 

Auvergne,  —  The  most  northern  of  the  freshwater  groups  is  situ- 
ated in  the  valley-plain  of  the  Allier,  which  lies  within  the  depart- 
ment of  the  Puy  de  Dome,  being  the  tract  which  went  formerly 
by  the  name  of  the  Limagne  d* Auvergne.  It  is  inclosed  by  two 
parallel  primitive  ranges,  —  that  of  the  For^z,  which  divides  the 
waters  of  the  Loire  and  Allier,  on  the  east ;  and  that  of  the  Monts 
Domes,  which  separates  the  Allier  from  the  Sioule,  on  the  west.* 
The  average  breadth  of  this  tract  is  about  20  miles ;  and  it  is  for 
the  most  part  composed  of  nearly  horizontal  strata  of  sand,  sand- 
stone, calcareous  marl,  clay,  and  limestone,  none  of  which  observe 
a  fixed  and  invariable  order  of  superposition.  The  ancient  borders 
of  the  lake,  wherein  the  freshwater  strata  were  accumulated,  may 
generally  be  traced  with  precision,  the  granite  and  other  ancient 
rocks  rising  up  boldly  from  the  level  country.  The  actual  junction, 
however,  of  the  lacustrine  and  granitic  beds  is  rarely  seen,  as  a  small 
valley  usually  intervenes  between  them.  The  freshwater  strata  may 
sometimes  be  seen  to  retain  their  horizontality  within  a  very  slight 
distance  of  the  border-rocks,  while  in  some  places  they  are  inclined, 
and  in  a  few  instances  vertical.  Tlie  principal  divisions  into  which 
the  lacustrine  series  may  be  separated  are  the  following :  —  1st, 
Sandstone,  grit,  and  conglomerate,  including  red  marl  and  red  sand- 
stone. 2dly,  Green  and  white  foliated  marls.  3dly,  Limestone  or 
travertin,  often  oolitic.     4thly,  Gypseous  marls. 

1 .  a.  Sandstone  and  conglomerate,  —  Strata  of  sand  and  gravel, 
sometimes  bound  together  into  a  solid  rock,  are  found  in  great  abun- 
dance around  the  confines  of  the  lacustrine  basin,  containing,  in 
different  places,  pebbles  of  all  the  ancient  rocks  of  the  adjoining 
elevated  country ;  namely,  gi*anite,  gneiss,  mica-schist,  clay-slate, 
porphyry,  and  others.  But  these  strata  do  not  form  one  continuous 
band  around  the  margin  of  the  basin,  being  rather  disposed  like  the 
independent  deltas  which  grow  at  the  mouths  of  torrents  along  the 
borders  of  existing  lakes. 

At  Chamalieres,  near  Clermont,  we  have  an  example  of  one  of 
these  deltas,  or  littoral  deposits,  of  local  extent,  where  the  pebbly 
beds  slope  away  from  the  granite,  as  if  they  had  formed  a  talus 
beneath  the  waters  of  the  lake  near  the  steep  shore.  A  section  of 
about  50  feet  in  vertical  height  has  been  laid  open  by  a  torrent, 
and  the  pebbles   are  seen  to  consist  throughout  of  rounded  and 

*  Scrope,  Geology  of  Central  France,  p.  15. 
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angular  fragments  of  granite,  quartz,  primary  slate,  and  red  sand- 
stone ;  but  without  anj  intermixture  of  those  volcanic  rocks  which 
now  abound  in  the  neighbourhood,  and  which  could  not  have  been 
there  when  the  conglomerate  was  formed.  Partial  layers  of  lignite 
and  pieces  of  wood  are  found  in  these  beds. 

At  some  localities  on  the  margin  of  the  basin  quartzose  grits  are 
found ;  and,  where  these  rest  on  granite,  they  are  sometimes  formed 
of  separate  crystals  of  quartz,  mica,  and  felspar,  derived  from  the 
disintegrated  granite,  the  crystals  having  been  subsequently  bound 
together  by  a  siliceous  cement.  In  these  cases  the  granite  seems 
regenerated  in  a  new  and  more  solid  form  ;  and  so  gradual  a  passage 
takes  place  between  the  rock  of  crystalline  and  that  of  mechanical 
origin,  that  we  can  scarcely  distinguish  where  one  ends  and  the 
other  begins. 

In  the  hills  called  the  Puy  de  Jussat  and  La  Roche,  we  have  the 
advantage  of  seeing  a  section  continuously  exposed  for  abodt  700  feet 
in  thickness.  At  the  bottom  are  foliated  marls,  white  and  green,  about 
400  feet  thick ;  and  above,  resting  on  the  marls,  are  the  quartzose 
grits,  cemented  by  calcareous  matter,  which  is  sometimes  so  abundant 
as  to  form  imbedded  nodules.  These  sometimes  constitute  spheroidal 
concretions  6  feet  in  diameter,  and  pass  into  beds  of  solid  lime- 
stone, resembling  the  Italian  travertins,  or  the  deposits  of  mineral 
springs.  This  section  is  close  to  the  confines  of  the  basin ;  so  that 
the  lake  must  here  have  been  filled  up  near  the  shore  with  fine  mud, 
before  the  coarse  superincumbent  sand  was  introduced.  There  are 
other  cases  where  sand  is  seen  below  the  marl. 

1.  b.  lied  marl  and  sandstone. — But  the  most  remarkable  of  the 
arenaceous  groups  is  one  of  red  sandstone  and  red  marl,  which  are 
identical  in  all  their  mineral  characters  with  the  secondary  New  Bed 
sandstone  and  marl  of  England.  In  these  secondary  rocks  the  red 
ground  is  sometimes  variegated  with  light  greenish  spots,  and  the 
same  may  be  seen  in  the  tertiary  formation  of  freshwater  origin  at 
Coudes,  on  the  Allier.  The  marls  are  sometimes  of  a  purplish-red 
colour,  as  at  Champheix,  and  are  accompanied  by  a  reddish  lime- 
stone, like  the  well-known  "  cornstone,"  which  is  associated  with  the 
Old  Red  sandstone  of  English  geologists.  The  red  sandstone  and 
marl  of  Auvergne  have  evidently  been  derived  from  the  degradation 
of  gneiss  and  mica-schist,  which  are  seen  tn  situ  on  the  adjoining 
hills,  decomposing  into  a  soil  very  similar  to  the  tertiary  red  sand 
and  marl.  We  also  find  pebbles  of  gneiss,  mica-schist^  and  quartz 
in  the  coarser  sandstones  of  this  group,  clearly  pointing  to  the 
parent  rocks  from  which  the  sand  and  marl  are  derived.  The  red 
beds,  although  destitute  themselves  of  organic  remains,  pass  upwards 
into  strata  containing  Eocene  fossils,  and  are  certainly  an  integral 
part  of  the  lacustrine  formation.  From  this  example  the  student 
will  learn  how  small  is  the  value  of  mineral  character  alone,  as  a 
lest  of  the  relative  age  of  rocks, 

2.  Crreen  and  white  foliated  marls, — The  same  primary  rocks  of 
Auvergne,  which,  by  the  partial  degradation  of  their  harder  parts. 
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gave  rise  to  the  qaarttoae  grits  and  conglomerates  before  mentioned, 
would,  by  the  reduction  of  the  same  materials  into  powder,  and  by 
the  decomposition  of  their  felspar,  mica,  and  hornblende,  produce 
alumiooua  clay,  and,  if  a  sufficient  quantity  of  carbonate  of  lime 
was  present,  calcareous  marl.  This  fine  Ecdiment  would  naturally 
be  carried  out  to  a  greater  distance  from  the  shore,  as  are  the 
various  finer  marls  now  deposited  in  Lake  Superior.  And,  as  in  the 
American  lake,  shingle  and  Band  are  annually  amassed  near  the 
northern  shores,  so  in  Auvergne  tlie  grits  and  conglomerates  before 
mentioned  were  evidently  formed  near  the  borders. 

The  entire  tbickDess  of  these  marls  is  unknown  ;  but  it  certainly 
exceeds,  in  some  places,  700  feet.  They  are,  for  the  moat  part, 
either  ligbt-green  or  white,  and  usually  calcareous.  They  are 
thinly  foliated, — a  character  which  frequently  arises  from  the  in- 
numerable thin  plates  or  scales  of  that  small  animal  called  Cyprit;  a 


genus  which  comprises  several  species,  of  which  some  are  recent, 
and  may  be  seen  swimming  swiftly  through  the  waters  of  our  stag- 
nant pools  and  ditches.  The  antennte,  at  the  end  of  which  are  fine 
pencils  of  h^r,  are  the  principal  organs  of  motion,  and  are  siien  to 
vibrate  with  great  rapidity.  This  animal  resides  within  two  small 
valves,  not  unlike  those  of  a  bivalve  shell,  and  moults  its  integu- 
ments annually,  which  the  conchiferous  moUusks  do  not.  This  cir- 
cumstance may  partly  explain  the  countless  myriads  of  the  sheila  of 
Cyprit  which  were  shed  in  the  ancient  lakes  of  Auvergne,  so  as  to 
give  rise  to  divisions  in  the  marl  as  thin  as  paper,  and  that,  too,  in 
stratified  masses  several  hundred  feet  thick.  A  more  convincing 
proof  of  the  tranquillity  and  clearness  of  the  waters,  and  of  the  slow 
and  gradual  process  by  which  the  lake  waa  filled  up  with  fine  mud, 
cannot  be  desired.  But  we  may  easily  suppose  that,  while  this  tine 
sediment  was  thrown  down  in  the  deep  and  central  parts  of  the  basin, 
gravel,  sand,  and  rocky  fragments  were  hurried  into  the  lake, 
and  deposited  near  the  shore,  forming  the  group  described  in  the 
preceding  section. 

*  See  Dcemucn**  Cnutaceo,  plue  55.  ^^ 
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Not  far  from  Clermont,  the  green  marls,  containing  the  Cypris  in 
abundaDce,  approach  to  within  a  few  yards  of  the  granite  which 
forms  the  borders  of  the  basin.  The  occurrence  of  these  marls  so 
near  the  ancient  margin  may  be  explained  by  considering  that,  at 
the  bottom  of  the  ancient  lake,  no  coarse  ingredients  were  deposited 
in  spaces  intermediate  between  the  points  where  rivers  and  torrents 

Fig.  158. 


Vertical  strata  of  marl,  at  Champradelle,  near  Clermont. 

A.  Granite.  B.  Space  of  60  feet,  in  which  no  section  Is  seen. 

C.  Green  marl,  ▼ertical  and  inclined.  D.  White  marl. 

entered,  but  finer  mud  only  was  drifted  there  by  currents.  The 
verticality  of  some  of  the  beds  in  the  above  section  bears  testimony 
to  considerable  local  disturbance  subsequent  to  the  deposition  of  the 
marls  ;  but  such  inclined  and  vertical  strata  are  very  rare. 

3.  Limestoncy  travertin^  oolite,  —  Both  the  preceding  members  of 
the  lacustrine  deposit,  the  marls  and  grits,  pass  occasionally  into 
limestone.  Sometimes  only  concretionary  nodules  abound  in  them  ; 
but  these,  where  there  is  an  increase  in  the  quantity  of  calcareous 
matter,  unite  into  regular  beds. 

On  each  side  of  the  basin  of  the  Liraagne,  both  on  the  west  at 
Gannat,  and  on  the  east  at  Vichy,  a  white  oolitic  limestone  is  quar- 
ried. At  Vichy,  the  oolite  resembles  our  Bath  stone  in  appearance 
and  beauty ;  and,  like  it,  is  soft  when  first  taken  from  the  quarry, 
but  soon  hardens  on  exposure  to  the  air.  At  Gannat,  the  stone 
contains  land-shells  and  bones  of  quadrupeds,  resembling  those  of 
the  Paris  gypsum.  At  Chadrat,  in  the  hill  of  La  Serre,  the  lime- 
stone is  pisolitic,  the  small  spheroids  combining  both  the  radiated 
and  concentric  structure. 

Indusial  limestone. — There  is  another  remarkable  form  of  fresh- 
water limestone  in  Auvergne,  called  "  indusial,"  from  the  cases,  or 
indusice,  of  caddis-worms  (the  larvae  of  Phryganed)  ;  great  heaps  of 
which  have  been  incrusted,  as  they  lay,  by  carbonate  of  lime,  and 
formed  into  a  hard  travertin.  The  rock  is  sometimes  purely  calca- 
reous, but  there  is  occasionally  an  intermixture  of  siliceous  matter. 
Several  beds  of  it  are  frequently  seen,  either  in  continuous  masses, 
or  in  concretionary  nodules,  one  upon  another,  with  layers  of  marl 
interposed.  The  annexed  drawing  (fig.  159.)  will  show  the  manner 
in  which  one  of  these  indusial  beds  (a)  is  laid  open  at  the  surface, 
between  the  marls  {b  b\  near  the  base  of  the  hill  of  G  ergo  via ;  and 
affords,  at  the  same  time,  an  example  of  the  extent  to  which  the 
lacustrine  strata,  which  must  once  have  filled  a  hollow,  have  been 
denuded,  and  shaped  out  into  hills  and  valleys,  on  the  site  of  the 
uicient  lakes. 


IMDUBIAL  LIME8T0KE. 
Tig.  in. 


(KLrlnlchrod). 

e  mny  ofien  observe  ia  our  ponds  the  Phryganea  (or  May-fly), 
1  CBterpillar  Etate,  covered  with  siuaU  freshwater  shells,  which 
they  have  the  power  of  fixing  to  the  oulside  of  their  tubular  cases, 

: j„_^  probably,  to  give  iliem  weight  and  strength.    The  individual 

in  the  annexed  cut,  which  belongs  to  a  species  very  ubundant 
cL.  lETi  iu   Englund,    has   liappened   to   euver  its 

case  with  shells  of  a  small  Planorbis.     In 
the  same  manner  a  large  species  of  caddis- 
worm,  which  swarmed  in  the  Elocene  hikes 
of  Auvergne,  was  accustomed  to  attach  to 
its  dwelling  the  shells  of  a  small  spiral 
'•'        univalve  of  the  genus  Paludina.     A  huu- 
e  shells  are  eometimes  seen  arranged  around  one 
ititral  cavity  of  which   is  often   empty,  the  rest 
being  filled  up  with  thin  concentric  layers  of  travertin.     The  cases 
Lave  been  thrown  together  confusedly,  and  often  lie,  as  in  fig.  161., 


drcd  of  these  i 
tube,  part  of  the 
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at  right  angles  one  to  the  other.  When  we  consider  that  ten  or 
twelve  tubes  are  packed  within  the  compass  of  a  cubic  inch,  and 
that  some  single  strata  of  this  limestone  are  6  feet  thick,  and  may  be 
traced  over  a  considerable  area,  we  may  form  some  idea  of  the  count- 
less number  of  insects  and  mollusca  which  contributed  their  integu- 
ments and  shells  to  compose  this  singularly  constructed  rock.  It  is 
unnecessary  to  suppose  that  the  Phryganecs  lived  on  the  spots  where 
their  cases  are  now  found ;  they  may  have  multiplied  in  the  shallows 
near  the  margin  of  the  lake,  or  in  the  streams  by  which  it  was  fed, 
and  their  cases  may  have  been  drifted  by  a  current  far  into  the  deep 
water. 

In  the  summer  of  1837,  when  examining,  in  company  with  Dr. 
Beck,  a  small  lake  near  Copenhagen,  I  had  an  opportunity  of  wit- 
nessing a  beautiful  exemplification  of  the  manner  in  which  the 
tubular  cases  of  Auvergne  were  probably  accumulated.  This  lake, 
called  the  Fuure-Soe,  occurring  in  the  interior  of  Seeland,  is  about 
twenty  English  miles  in  circumference,  and  in  some  parts  200  feet  in 
depth.  Round  the  shallow  borders  an  abundant  crop  of  reeds  and 
rushes  may  be  observed,  covered  with  the  indusiae  of  the  Phryganea 
grandis  and  other  species,  to  which  shells  are  attached.  The  plants 
which  support  them  are  the  bullrush,  Scirpus  lacustrisy  and  common 
reed,  Arundo  phragmitis,  but  chiefly  the  former.  In  summer,  espe- 
cially in  the  month  of  June,  a  violent  gust  of  wind  sometimes  causes  a 
current  by  which  these  plants  are  torn  up  by  the  roots,  washed  away, 
and  floated  off  in  long  bands,  more  than  a  mile  in  length,  into  deep 
water.  The  Cypris  swarms  in  the  same  lake ;  and  calcareous  springs 
alone  are  wanting  to  form  extensive  beds  of  indusial  limestone,  like 
those  of  Auvergne. 

4.  Gypseous  marls.  —  More  than  50  feet  of  thinly  laminated 
gypseous  marls,  exactly  resembling  those  in  the  hill  of  Montmartre, 
at  Paris,  are  worked  for  gypsum  at  St.  Romain,  on  the  right  bank  of 
the  Allier.  They  rest  on  a  series  of  green  cypriferous  marls  which 
alternate  with  grit,  the  united  thickness  of  this  inferior  group  being 
seen,  in  a  vertical  section  on  the  banks  of  the  river,  to  exceed  250  feet. 

General  arrangement,  origin,  and  age  of  the  freshwater  formations 
of  Auvergne.  —  The  relations  of  the  different  groups  above  described 
cannot  be  learnt  by  the  study  of  any  one  section ;  and  the  geologist 
who  sets  out  with  the  expectation  of  finding  a  fixed  order  of  succes- 
sion may  perhaps  complain  that  the  different  parts  of  the  basin  give 
contradictory  results.  The  arenaceous  division,  the  marls,  and  the 
limestone,  may  all  be  seen  in  some  places  to  alternate  with  each  other ; 
yet  it  can,  by  no  means,  be  affirmed  that  there  is  no  order  of  arrange- 
ment. The  sands,  sandstone,  and  conglomerate^  constitute  in  general 
a  littoral  group;  the  foliated  white  and  green  marls,  a  contem- 
poraneous central  deposit ;  and  the  limestone  is  for  the  most  part 
subordinate  to  the  newer  portions  of  both.  The  uppermost  marls 
and  sands  are  more  calcareous  than  the  lower ;  and  we  never  meet 
witli  calcareous  rocks  covered  by  a  considerable  thickness  of  quartzose 
sand  or  green  marl.     From  the  resemblance  of  the  limestones  to  the 
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Italian  travertins,  we  may  conclude  that  they  were  derived  from  the 
waters  of  mineral  springs, — such  springs  as  even  now  exist  in  Au- 
vergne,  and  which  may  be  seen  rising  up  through  the  granite,  and 
precipitating  travertin.  They  are  sometimes  thermal,  but  this  cha- 
racter is  by  no  means  constant. 

It  seems  that,  when  the  ancient  lake  of  the  Limagne  first  began  to 
be  filled  with  sediment,  no  volcanic  action  had  yet  produced  lava  and 
scorise  on  any  part  of  the  surface  of  Auvergne.  No  pebbles,  there- 
fore, of  lava  were  transported  into  the  lake, — no  fragments  of  volcanic 
rocks  imbedded  in  the  conglomerate.  But  at  a  later  period,  when  a 
considerable  thickness  of  sandstone  and  marl  had  accumulated,  erup- 
tions broke  out,  and  lava  and  tuff  were  deposited,  at  some  spots,  al- 
ternately with  the  lacustrine  strata.  It  is  not  improbable  that  cold 
and  thermal  springs,  holding  different  mineral  ingredients  in  solution, 
became  more  numerous  during  the  successive  convulsions  attending 
this  development  of  volcanic  agency,  and  thus  deposits  of  carbonate 
and  sulphate  of  lime,  silex,  and  other  minerals,  were  produced.  Hence 
these  minerals  predominate  in  the  uppermost  strata.  The  subterranean 
movements  may  then  have  continued  until  they  altered  the  relative 
levels  of  the  country,  and  caused  the  waters  of  the  lakes  to  be  drained 
off,  and  the  farther  accumulation  of  regular  freshwater  strata  to  cease. 

We  may  easily  conceive  a  similar  series  of  events  to  give  rise  to 
analogous  results  in  any  modem  basin,  such  as  that  of  Lake  Superior, 
for  example,  where  numerous  rivers  and  torrents  are  carrying  down 
the  detritus  of  a  chain  of  mountains  into  the  lake.  The  transported 
materials  must  be  arranged  according  to  their  size  and  weight,  the. 
coarser  near  the  shore,  the  finer  at  a  greater  distance  from  land ;  but 
in  the  gravelly  and  sandy  beds  of  Lake  Superior  no  pebbles  of  modern 
volcanic  rocks  can  be  included,  since  there  are  none  of  these  at  present 
in  the  district.  If  igneous  action  should  break  out  in  that  country, 
and  produce  lava,  scoriae,  and  thermal  springs,  the  deposition  of  gravel,* 
sand,  and  marl  might  still  continue  as  before ;  but,  in  addition,  there 
would  then  be  an  intermixture  of  volcanic  gravel  and  tuff,  and  of  rocks 
precipitated  from  the  waters  of  mineral  springs. 

Although  the  freshwater  strata  of  the  Limagne  approach  generally 
to  a  horizontal  position,  the  proofs  of  local  disturbance  are  sufficiently 
numerous  and  violent  to  allow  us  to  suppose  great  changes  of  level 
since  the  lacustrine  period.  We  are  unable  to  assign  a  northern 
barrier  to  the  ancient  lake,  although  we  can  still  trace  its  limits  to 
the  east,  west,  and  south,  where  they  were  formed  of  bold  granitic 
eminences.  Nor  need  we  be  surprised  at  our  inability  to  restore 
entirely  the  physical  geography  of  the  country  after  so  great  a  series 
of  volcanic  eruptions ;  for  it  is  by  no  means  improbable  that  one  part 
of  it,  the  southern,  for  example,  may  have  been  moved  upwards  bodily, 
while  others  remained  at  rest,  or  even  suffered  a  movement  of  de- 
pression. 

Whether  all  the  freshwater  formations  of  the  Limagne  d' Auvergne 
belong  to  one  period,  I  cannot  pretend  to  decide,  as  large  masses  both 
of  the  arenaceous  and  marly  groups  are  often  devoid  of  fossils. 
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Much  light  has  been  thrown  on  the  mammiferous  fauna  by  the  labours 
of  MM.  Bravard  and  Croizet,  and  by  those  of  M.  Pomel.  The  last- 
mentioned  naturalist  has  pointed  out  the  specific  distinction  of  all,  or 
nearly  al),  the  species  of  mammalia,  from  those  of  the  gypseous  series 
near  Paris.  Nevertheless,  many  of  the  forms  are  analogous  to  those 
of  Eocene  quadrupeds.  The  Cainotherium,  for  example,  is  not  far 
removed  from  the  Anoplotheriumy  and  is,  according  to  Waterhouse, 
the  same  as  the  genus  Microtherium  of  the  Germans.  There  are 
two  species  of  marsupial  animals  allied  to  Didelphys^  a  genus  also 
found  in  the  Paris  gypsum.  The  Amphitragulus  elegans  of  Pomel, 
has  been  identified  with  a  Rhenish  species  from  Weissenau  near 
Mayence,  called  by  Kaup  Dorcatherium  nanum ;  and  other  Auvergne 
fossils,  e.  g.,  Microtherium  Reuggeri^  and  a  small  rodent,  Titanomi/s, 
are  specifically  the  same  with  mammalia  of  the  Mayence  basin. 

Cantal, — A  freshwater  formation,  very  analogous  to  that  of  Au- 
vergne, is  situated  in  the  department  of  Haute  Loire,  near  the  town 
of  Le  Puy,  in  Velay,  and  another  occurs  near  Aurillac,  in  Cantal. 
The  leading  feature  of  the  formation  last  mentioned,  as  distinguished 
from  those  of  Auvergne  and  Velay,  is  the  immense  abundance  of  silex 
associated  with  calcareous  marls  and  limestone. 

The  whole  series  may  be  separated  into  two  divisions ;  the  lower, 
composed  of  gravel,  sand,  and  clay,  such  as  might  have  been  derived 
from  the  wearing  down  and  decomposition  of  the  granitic  schists  of 
the  surrounding  country;  the  upper  system,  consisting  of  siliceous 
and  calcareous  marls,  contains  subordinately  gypsum,  silex,  and  lime- 
stone. 

The  resemblance  of  the  freshwater  limestone  of  the  Cantal,  and  its 
accompanying  flint,  to  the  upper  chalk  of  England,  is  very  instructive, 
and  well  calculated  to  put  the  student  upon  his  guard  against  rely- 
ing too  implicitly  on  mineral  character  alone  as  a  safe  criterion  of 
relative  age. 

When  we  approach  Aurillac  from  the  west,  we  pass  over  great 
heathy  plains,  where  the  sterile  mica-schist  is  barely  covered  with 
vegetation.  Near  Ytrac,  and  between  La  Capelle  and  Viscamp,  the 
surface  is  strewed  over  with  loose  broken  flints,  some  of  them  black 
in  the  interior,  but  with  a  white  external  coating;  others  stained 
with  tints  of  yellow  and  red,  and  in  appearance  precisely  like  the  flint 
gravel  of  our  chalk  districts.  When  heaps  of  this  gravel  have  thus 
announced  our  approach  to  a  new  formation,  we  arrive  at  length  at 
the  escarpment  of  the  lacustrine  beds.  At  the  bottom  of  the  hill 
which  rises  before  us,  we  see  strata  of  clay  and  sand,  resting  on  mica* 
schist ;  and  above,  in  the  quarries  of  Belbet,  Leybros,  and  Bruel,  a 
white  limestone,  in  horizontal  strata,  the  surface  of  which  has  been 
hollowed  out  into  irregular  furrows,  since  filled  up  with  broken  flint, 
marl,  and  dark  vegetable  mould.  In  these  cavities  we  recognize  an 
exact  counterpart  to  those  which  are  so  numerous  on  the  furrowed 
surface  of  our  own  white  chalk.  Advancing  from  these  quarries, 
along  a  road  made  of  the  white  limestone,  which  reflects  as  glaring  a 
light  in  the  sun,  as  do  our  roads  composed  of  chalk,  we  reach,  at 
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length,  in  the  neiglibourbood  of  Aurillac,  hills  of  limestone  ani]  cal- 
careous marl,  Id  horizontal  strain,  separated  in  some  places  bj  regular 
layers  of  flint  in  aodules,  the  coating  of  each  nodule  being  of  an 
opaque  white  colour,  like  the  exteriorof  the  flinty  nodules  of  our  clialk. 
It  will  be  remembered  that  the  siliceous  stone  of  Bilin,  called 
tripoli,  is  a  freshwater  deposit,  and  has  been  shown,  bj  Ehrenberg, 
to  be  of  infusorial  origin  (see  p.  24.).  What  is  true  of  the  Bohemian 
flint  and  opal,  where  the  beds  attain  a  thickness  of  14  feet,  may 
also,  perhaps,  be  found  to  hold  good  respecting  the  silex  of  Aurillac, 
which  may  also  have  been  immediately  derived  from  the  minute  cases 
of  microscopic  animalcules.  But  even  if  this  conclusion  be  established, 
the  abundant  supply  both  of  siliceous,  calcareous,  and  gypseous 
matter,  which  the  ancient  lakes  of  France  received,  may  have  been 
connected  with  the  subterranean  volcanic  agency  of  which  those 
regions  were  so  long  the  theatre,  and  which  may  have  impregnated 
the  springs  with  mineral  matter,  even  before  the  great  outbreak  of 
lava.  It  is  well  known  that  the  hot  springs  of  Iceland,  and  many 
other  countries,  contain  silex  in  solution;  and  it  has  been  lately 
affirmed,  that  stfcam  at  a  high  temperature  is  capable  of  dissolving 
quartzose  rocks  without  the  aid  of  any  alkaline  or  other  flux.' 

Travellers  not  unfrequently  mention,  in  their  accounts  of  India, 
Australia,  and  other  distant  lands,  that  they  have  seen  chalk  with 
flints,  which  they  have  assumed  to  be  of  the  same  age  as  the  Cre- 
taceous system  of  Europe.  A  hasty  observation  of  the  white  lime- 
stone and  flint  of  Aurillac  might  convey  the  same  idea-,  but  when  we 
turn  from  tlie  mineral  aspect  and  composition  to  the  organic  remains, 
we  find  in  the  flints  of  the  Cantal  the  seed-vessels  of  the  freshwater 
Cham,  instead  of  the  marine  zoophytes  so  abundantly  imbedded  in 
chalk  flints ;  and  in  the  limestone  we  meet  with  shells  of  Limnea, 
IHanorbis,  and  otlicr  lacustrine  genera,  instead  of  the  oyster,  terc- 
bratula,  and  echinus  of  the  Cretaceous  period. 

Pronfs  of  gradual  deposition.  —  Some  sections  of  the  foliated  marls 
in  the  valley  of  the  Cer,  near  Aurillac,  attest,  in  tiie  most  une<iuivocal 
manner,  the  extreme  slowness  with  which  the  materials  of  the  lacus- 
trine series  were  amassed.  In  the  hill  of  Barrat,  for  example,  we 
find  an  assemblage  of  calcareous  and  siliceous  marls  -,  in  which,  for  a 
depth  of  at  least  60  feet,  the  layers  are  so  thin,  that  thirty  are 
sometimes  contained  in  the  thickness  of  an  inch  ;  and  when  they  are 
separated,  we  see  preserved  in  every  one  of  them  the  flattened  stems 
of  Chara,  or  other  plants,  or  sometimes  myriads  of  small  Paludince 
and  other  freshwater  shells.  These  minute  foliations  of  the  marl  re- 
semble precisely  some  of  the  recent  laminated  beds  of  the  Scotch 
marl  lakes,  and  may  be  compared  to  the  pages  of  a  book,  each  con- 
taining a  history  of  a  certain  period  of  the  past.  The  difierent  layers 
may  be  grouped  together  in  beds  from  a  foot  to  a  foot  and  a  half  in 
thickness,  which  are  distinguished  by  ditferencca  of  composition  and 
colour,  the  tints  being  white,  green,  and  brown.     Occasionally  there 


is  a  parting  layer  of  pure  flint,  or  of  black  carbonaceous  vegetable 
matter,  about  an  inch  tbiclc,  or  of  white  pulverulent  marl.  We  find 
several '  hilla  in  the  neighbourhood  of  Aurillac  composed  of  such 
materials,  for  the  height  of  more  than  200  feet  from  Uieir  base,  the 
whole  sometimes  covered  by  rocky  currents  of  trachytic  or  basaltic 
Java." 

Thus  wonderfully  minute  are  the  separate  parts  of  which  some  of 
the  most  massive  geological  monuments  are  made  up  I  When  we 
desire  to  classify,  it  is  necessary  to  contemplate  entire  groups  of 
strata  in  the  aggregate ;  but  if  we  wish  to  understand  the  mode  of 
their  formation,  and  to  explain  their  origin,  we  must  think  only  of 
the  minute  subdivisons  of  which  each  mass  is  composed.  We  must 
bear  in  mind  how  many  thin  leaf-like  seams  of  matter,  each  contain- 
ing the  remains  of  myriads  of  testacea  and  plants,  frequently  enter 
into  the  composition  of  a  single  stratum,  and  how  vast  a  succession  of 
these  strata  unite  to  form  a  single  group  I  We  must  remember,  also, 
that  piles  of  volcanic  matter,  like  the  Flomb  du  Cantal,  which  rises 
jn  the  immediate  neighbourhood  of  Aurillac,  are  themselves  equally 
the  result  of  successive  accumulation,  consisting  of  reiterated  sheets 
of  lava,  showers  of  Bcorite,  and  ejected  fragments  of  rock. — Lastly, 
we  must  not  forget  that  continents  and  mountain-chains,  colossal  as 
are  ihcir  dimensions,  ore  nothing  more  than  an  assemblage  of  many 
such  igneous  and  aqueous  groups,  formed  in  succession  during  an 
indefinite  lapse  of  ages,  and  superimposed  upon  each  other. 


CHAPTER  XVI. 

EOCENE   FORMATIONS — continued. 

Subdiviaions  of  tha  Eoccne  group  in  the  Parig  baaa  —  Gypseous  series — BJtlinct 
qandrupcds  —  Impnlw  given  to  geology  bj  CarieT'e  oeteological  diKoveries  — 
Shell)-  sandi  called  sables  mojens  —  Colcaire  grossier — Miliolices — Cslcaire 
eiliceux — ^ Lower  Eocene  ja  France — Uta  coqnilliers — ^Sands  and  plastic  cla/ — 
English  Eocene  strata  —  Freehwaler  and  flavio-marine  beds — Barton  beds — 
Bngsbct  and  BrocldeBliiun  division — Large  ophidians  and  saurians — Lover 
Eoccne  and  London  Clay  proper — Fossil  plants  and  Ehells —  Strata  of  Kyion  Id 
Suffolk  — Fossil  monkey  and  opoesum  —  Molded  clays  and  sands  below  London 
Clay  —  Nummulitic  formation  of  Alps  and  Pyrenees' — ^Its  wide  geogvphical 
extent — Eocene  strata  in  the  United  States— Section  at  Claiborne,  Alabama — 
ColoEEal  cetacean — Orbitoid  limestone — Burr  stone. 

From  what  was  said  in  the  two  preceding  chapters,  it  has  already 
appeared  that  we  have  in  England  no  true  chronological  representative 
of  theMiocene  falunsof  tbel/>ire,  and  none  of  the  Upper  Eocene  group 

a  les  DepSts  Lacust.    Tertinriei  du  Cantal,  &c.    Ann. 
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described  ia  the  loat  chapter.  But,  when  we  desceod  to  the  middle  and 
inferior  divisions  of  ttie  Eocene  sjslent  of  France,  we  find  that  they 
liave  their  equivalents  in  Great  Britain. 

UIDDLE  EOCENE.  —  FRANCE. 

Gypseous  series  (2.  a,Tah\e,p.n6.). — Next  below  the  upper  marine 
Bands  of  the  neiglihourhood  of  Paris,  we  find  a  series  of  white  and 
green  marls,  with  subordinate  beds  of  gypsum.  These  are  most 
largely  developed  in  the  central  parts  of  the  Paris  basin,  and,  among 
other  places,  in  the  Ilil!  of  Montmartre,  where  its  fossils  were  first 
studied  by  M,  Cuvier. 

Tlie  gypsum  quarried  there  for  the  manufacture  of  plaster  of  Paris 
occurs  as  a  granular  crystalline  rock,  and,  together  wilh  the  associated 
marls,  contains  land  and  fluviatile  shells,  together  with  the  bones  and 
skeletons  of  birds  and  quadrupeds.  Several  land  plants  are  also  met 
with,  among  which  are  fine  specimens  of  the  fan  palm  or  palmetto  tribe 
{Flabcllarid).  The  remains  also  of  freshwater  fish  and  of  crocodiles 
and  other  reptiles,  occur  in  the  gypsum.  The  skeletons  of  mammalia 
are  usually  isolated,  often  entire,  the  most  delicate  extremities  being 
preserved ;  as  if  the  carcasses,  clothed  with  their  flesh  and  skin,  had 
been  floated  down  soon  after  deatb,  and  white  they  were  still  swoln 
by  the  gases  generated  by  their  first  decomposition.  The  few  ac- 
companj'ing  shells  are  of  those  light  kinds  which  frequently  float  on 
the  surface  of  rivers,  together  with  wood. 

M.  PrcYost  has  therefore  suggested  that  a  nver  may  have  swept 
away  the  bodies  of  animals,  and  the  plants  which  lived  on  its  borders, 
or  in  the  lakes  which  it  traversed,  and  may  have  carried  them  down 
into  the  centre  of  the  gulf  into  which  flowed  the  waters  impregnated 
with  sulphate  of  lime.  Wc  know  that  the  Fiume  Salso  in  Sicily 
enters  the  sea  so  charged  with  various  salts  that  the  tliirsty  cattle 
refuse  to  drink  of  it.  A  stream  of  sulphureous  water,  as  white  as 
milk,  descends  into  the  sea  from  the  volcanic  mountain  of  Idienne, 
on  the  east  of  Java;  and  a  great  body  of  hot  water,  charged  with 
sulphuric  acid,  rushed  down  from  the  same  volcano  on  one  occasion, 
nnd  inundated  a  large  tract  of  country,  destroying,  by  its  noxious 
properties,  all  the  vegetation,*  In  like  manner  the  Pusanibio,  or 
"  Vinegar  River,"  of  Colombia,  which  rises  at  the  foot  of  Purac6,  an 
extinct  volcano,  7,500  feet  above  the  level  of  the  sea,  is  strongly  im- 
pregnated with  sulphuric  and  muriatic  acids  and  with  oxide  of  iron. 
We  may  easily  suppose  the  waters  of  such  streams  to  have  properties 
noxious  to  marine  animals,  and  in  this  manner  the  entire  absence  of 
marine  remains  in  the  ossiferous  gypsum  may  be  exploined.f  There 
are  no  pebbles  or  coarse  sand  in  the  gypsum  ;  a  circumstance  which 
agrees  well  with  the  hypothesis  that  these  beds  were  precipit&ted 
from  water  holding  sulphate  of  lime  in  solution,  and  floating  the 
remains  of  different  animals. 

'  L<;;do  Alagaz.  voor  Wetenich  Kon«  ^  t/LC  FreTOst,  Submerdoni  Itfra- 
cn  Lett.,  partie  v.  cahier  i,  p,  71,    Ciud    tirei,  &c,    Not«23, 
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fact,   on    Buch   high   authority,    created    a 
^'  '^'  powerful  seasation,  and  from  that  time   a 

new  impulse  waa  given  throughout  Europe 
to  the  progress  of  geological  investigatioD. 
Eminent  naturalists,  it  is  true,  had  long 
before  maintained  that  the  shells  and  zoo- 
phytes, met  with  in  many  ancient  European 
rocks,  had  ceased  to  be  inhabitants  of  tho 
earth,  but  the  majority  even  of  the  educated 
-  classes  continued  to  believe  that  the  species 
w^i""(S™n'r'B^i[."Fi»i.  of  animals  and  plants  now  contemporary 
^  ^B^ducrioM-ibw.  ^'^^  """*'  '"^'^  ""^  ^"^  "*   tliose  which 

had  been  called  into  being  when  the  planet 
itself  was  created.  It  was  easy  to  throw  discredit  upon  t)ie  new 
doctrine  by  asking  whether  corals,  shells,  and  other  crealures  pre- 
viously unknown,  were  not  annually  discovered  ?  and  whether  living 
forma  corresponding  with  the  fossils  might  not  yet  be  dredged  up 
from  seas  hitherto  unexamined  ?  But  from  the  era  of  the  publica- 
tion of  Cuvier's  Ossements  Fossiles,  and  still  more  his  popular  Trea- 
tise called  "  A  Theory  of  the  Earth,"  sounder  views  began  to  prei  ail. 
It  was  clearly  demonstrated  that  most  of  the  mammalia  found  in  the 
gypsum  of  Montmartre  differed  even  generically  from  any  now  exist- 
ing, and  tho  extreme  improbability  that  any  of  them,  especially  tlie 
larger  ones,  would  ever  he  found  surviving  in  continents  yet  unex- 
plored, was  made  manifest.  Moreover,  the  non-admiiturc  of  a 
single  living  species  in  the  midst  of  so  rich  a  fossil  fauna  was  a 
striking  proof  that  there  had  existed  a  state  of  the  earth's  surface 
zoologically  unconnected  with  the  present  order  of  things. 

Gres  de  Beauchamp  (2.  b.  Table,  p.  175.).  —  In  some  parts  of  the 
Paris  basin,  sands  and  marls,  called  the  Grcs  de  Beauchamp,  or  Sables 
Moyens,  divide  the  gypseous  beds  from  the  underlying Calcaire  grossier. 
Tliese  sands  contain  more  than  300  species  of  marine  shells,  many 
of  them  peculiar,  but  others  common  to  the  underlying  marine  de- 
posit (No.  2.  c). 

Calcaire  grossier  (2.  c,  Table,  p.  175.). — The  formation  called 
Calcaire  grossier  consists  of  a  coarse  limestone,  often  passing  into 
sand.  It  contains  the  greater  number  of  the  fossil  shells  which  cha- 
racterize the  Paris  basin.  No  less  than  400  distinct  species  have 
been  procured  from  a  single  spot  near  Grignon,  where  they  are  em- 
bedded in  a  calcareous  sand,  chiefly  formed  of  comminuted  shells,  in 
whicli,  nevertheless,  individuals  in  a  perfect  state  of  preservation, 
both  of  marine,  terrestrial,  and  freshwater  species,  are  mingled  to< 
gelher.  Some  of  the  marine  shells  may  have  lived  on  tlie  spot ;  but 
the  Cyctostoma  and  Limnea  must  have  been  brought  thitlicr  by 
rivers  and  currents,  and  the  quantity  of  triturated  sheila  implies 
considerable  movement  in  the  waters. 

Nothing  is  more  striking  in  this  assemblage  of  fossil  testacea  than 
the  great  proportion  of  species  referable  to  the  genus  Cerithium 
(see  fig.  164.).    There  occur  no  less  than  137  species  of  this  genus 
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■a  the  Paris  baain,  and  almost  all  of  them  in  the  cal*  i^-im- 
caire  groMier.  Now  tbe  living  Cerilhia  inhabit  the  eea 
near  the  moatbs  of  rivers,  where  the  waters  are  brackish  ; 
so  that  their  abundance  in  the  marine  strata  now  under 
consideration  is  in  harmony  with  the  hypothesis,  that  tbe 
Paris  basin  formed  a  gulf  into  which  several  rivers  flowed, 
the  sediment  of  some  of  which  gave. rise  to  the  beds  of 
day  and  lignite  before  mentioned ;  while  a  distinct  fresh- 
water limestone,  called  calcaire  siliceux,  which  will  pr&> 
sently  be  described,  was  precipitated  from  the  waters  of  I 
others  situated  farther  to  the  south. 

In  some  parts  of  the  calcaire  grossier  round  Paris,  certain  ' 
beds  occur  of  a  stone  used  in  building,  and  called  bj  the 
French  geologists  "  Miliolite  limestone."     It  is  almost  en-    ^^^y* 
tirely  made  up  of  millions  of  microscopic  shells,  of  the  size 
of  minute  grains  of  aand,  which  all  belong  to  the  class  Foramimfera. 
Figures  of  some  of  these  are  given  in  the  annexed  woodcut.     As 
this  miliolitic  stone  never  occurs  ia  the  Faluns,  or  Miocene  strata  of 
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*  This  species  is  found  both  in  the  Purii  and  London  baiina. 
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Brittany  and  Touraine,  it  often  furnishes  the  geologist  with  a  useful 
criterion  for  distinguishing  the  detached  Eocene  and  Miocene  form- 
ations, scattered  over  those  and  other  adjoining  provinces.  The 
discovery  of  the  remains  of  Paleotherium  and  other  mammalia  in 
some  of  the  upper  beds  of  the  calcaire  grossier  shows  that  these  land 
animals  began  to  exist  before  the  deposition  of  the  overlying  gyp- 
seous series  had  commenced. 

Calcaire  siliceux. — This  compact  siliceous  limestone  extends  over 
a  wide  area.  It  resembles  a  precipitate  from  the  waters  of  mineral 
springs,  and  is  often  traversed  by  small  empty  sinuous  cavities.  It 
is,  for  the  most  part,  devoid  of  organic  remains,  but  in  some  places 
contains  freshwater  and  land  species,  and  never  any  marine  fossils. 
The  siliceous  limestone  and  the  calcaire  grossier  occupy  distinct  parts 
of  the  Paris  basin,  the  one  attaining  its  fullest  development  in  those 
places  where  the  other  is  of  slight  thickness.  They  also  alternate 
with  each  other  towards  the  centre  of  the  basin,  as  at  Sergy  and 
Osny  ;  and  there  are  even  points  where  the  two  rocks  are  so  blended 
together  that  portions  of  each  may  be  seen  in  hand  specimens.  Thus, 
in  the  same  bed,  at  Triel,  we  have  the  compact  freshwater  limestone, 
characterized  by  its  Limnece^  mingled  with  the  coarse  marine  lime- 
stone, with  its  small  multilocular  shells,  or  "  miliolites,"  dispersed 
through  it  in  countless  numbers.  These  microscopic  testacea  are 
also  accompanied  by  Cerithia  and  other  shells  of  the  calcaire  grossier. 
It  is  very  extraordinary  that  in  this  instance  both  kinds  of  sediment 
must  have  been  thrown  down  together  on  the  same  spot,  yet  each 
retains  its  own  peculiar  organic  remains. 

From  these  facts  we  may  conclude,  that  while  to  the  north,  where 
the  bay  was  probably  open  to  the  sea,  a  marine  limestone  was  formed, 
another  deposit  of  freshwater  origin  was  introduced  to  the  southward, 
or  at  the  head  of  the  bay ;  for  it  appears  that  during  the  Eocene 
period,  as  now,  the  ocean  was  to  the  north,  and  the  continent,  where 
the  great  lakes  existed,  to  the  south.  From  that  southern  region  we 
may  suppose  a  body  of  fresh  water  to  have  descended,  charged  with 
carbonate  of  lime  and  silica,  the  water  being  perhaps  in  sufficient 
volume  to  freshen  the  upper  end  of  the  bay.  The  gypseous  series 
(2.  a,  Table,  p.  175.),  before  described,  was  once  supposed  to  be  en- 
tirely subsequent  in  origin  to  the  two  groups,  called  calcaire  grossier 
and  calcaire  siliceux.  But  M.  Prevost  has  pointed  out  that  in  some 
localities  they  alternate  repeatedly  with  both. 

The  gypsum,  with  its  associated  marl  and  limestone,  is  in^greatest 
force  towards  the  centre  of  the  basin,  where  the  calcaire  grossier  and 
calcaire  siliceux  are  less  fully  developed.  Hence  M.  Prevost  infers, 
that  while  those  two  principal  deposits  were  gradually  in  progress, 
the  one  towards  the  north,  and  the  other  towards  the  south,  a  river 
descending  from  the  east  may  have  brought  down  the  gypseous  and 
marly  sediment. 

It  must  be  admitted,  as  highly  probable,  that  a  bay  or  narrow  sea, 
180  miles  in  length,  would  receive,  at  more  points  than  one,  the 
waters  of  the  adjoining  continent.     At  the  same  time,  we  must  be 
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bu  41»K>Trtr«d  200  ^w<»  of  ifaflk.  Haaj  of  ihie#if  nr  p«m^ir.  bat 
til!:  iars'^  pottiui  kpfcar  to  a^ree  with  s^tiM»  cf  tke  inlcaire 
fTT^natrr,  i»  tittt  Ibe  Hoe  of  <li.'»iii  iri<in  nacalLj  akwceii  b«f  wm  tlw 
Fn&^b  L»«<r  and  VtAMr  Eoeeae  fcmraooiia.  SKUifi  noc  ta  he  t^^ 

HimU  amd  fin»6t  dag  (i.  i,  Tabl^  p.  17S,\ — At  the  hue  of 
tL«  Urtlarj  wjtum  in  Fmice  are  czten^ire  deposts  of  sb>I$.  with 
w/SjiicjiMl  b«tb  of  daj  (ii«il  far  poneTT.  and  called  ~  at^fle  pUsOqoe.'* 
FmmI  ojittT)  (0>(r«a  MZpicanatff  aboond  id  note  places,  aad  in 
(Xb«n  tb<:r«  !5  a  nustnre  of  llariatiie  ^hellA.  sich  as  Cfrma  enmit- 
/irrmifdig.  Wt.},  Meiaiua  trnqmiMata  (fig.  ISS- >  and  otbus,  frcqoaitlj 
DKt  witb  in  bed*  oernpTing  tbe  lame  position  in  the  nlleT  of  the 
Thamm.  Lajen  of  li;2nite  aljo aecompanT  the  inferior  dajs and  fand^ 

^mtfuAlx'U^J  upon  the  ebalk  at  the  bottom  of  all  the  tertiaij  Virata 
t\i*tTt  u  lAxtM  a  cmngloiueTate  or  breccia  of  n^Ied  and  angnlar  chalk 
flintiS  c^nKttt«d  hj  filiceoos  sand.  These  bed^  appear  to  be  of  lit- 
iiynl  'frisrin,  and  implj  the  prerioos  emergence  of  the  chalk,  and  its 
wwU:  \>y  denadatif/n, 

T)i6  UiWM'  Kandj  bedi  of  the  Paris  basin  are  oAen  called  the  sands 
'if  llif;  S'lijuvinsiii,  from  a  district  eo  namtrd  50  miles  X.£L  of  Paris. 
(}%f;  ii(  thf;  nhf^lL)  hf  the  formation  b  adduced  bj  M.  Deshajes  as  an 
tisamplc  of  ttie  change*  which  certain  species  underwent  in  the  suc- 
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cesaire  stages  of  their  existence.  It  seems  that  different  varieties 
of  the  Cardium  porulotum  are  characterietic  of  difierent  formations. 
In  the  Lower  Eocene  of  the  Soiasonais  this  shell  acquires  hut  a. 
small  volume,  and  has  many  peculiarities,  which  disappear  in  the 
lowest  beds  of  the  calcaire  grossier.  In  these  the  shell  attains  its 
full  size,  and  many  distinctive  characters,  which  are  again  toodified 
in  tlie  uppermost  beds  of  the  calcaire  grossier ;  and  these  last  modi* 
fications  of  form  are  preserved  throughout  the  whole  of  the  "  upper 
marine"  (or  Upper  Eocene}  series." 


ENOLIBB   EOCENE  FOBMATIOMS. 

The  Eocene  areas  of  Hampshire  and  London  are  delineated  in  the 
map  (fig.  153.  p.  174.). 

The  following  table  will  show  the  succession  of  the  principal  de- 
posits found  in  our  island.  The  true  place  of  the  Bagshot  sands,  in 
this  series,  was  never  accurately  ascertained  till  Mr.  Prestwieh  pub- 
lished, in  1847,  hisctassificationof  the  English  Eocene  strata,  dividing 
them  into  three  principal  formation^  in  which  the  Bagshot  sands 
occupied  the  central  place.! 

1.  Upper  Eocene.       Wwiting  in  Great  BritMii. 

fa.  FiahwaMx  and  flavio-  Hendon  Hill,  Ills  of  Wight ;  and 

marine  beds.  Hordwell  Clilf,  Hants. 

!.  Middle  Eocene  ■{  b.  Barton  beds.  Barton  Cliff,  Hanu. 

'.  Bi^gibot  and    Biackle-  Bagshot  Heath,  Sun^; ;  Brack- 

riism  tands  and  claj's.  lesham  Bar,  Sussex. 

I.  London   Claj    ^vper,  Higbgate  Hilt,  Middlesex  <  L  of 

3.  Lower  Eoeene    J.    ..""^.^'^^°''^^    .  „  Shoppy ,  Bognor.  Suraex. 


Freshwater  bed»  (2,  H,  Table,  p.  175  ). — In  the  northern  part  of 
the  Isle  of  Wight,  beds  of  marl,  clay  and  sand,  and  a  friable  limestone, 
p,.  „„  containing  freshwater  shells,    are  seen, 

containing  shells  of  the  genera  Lymnea 
(see  fig.  170.),  FtanoTbU,  Melanoptu, 
Cyrena,  &C.,  several  of  them  of  the  same 
species  as  those  occurring  in  the  Eocene 
beds  of  the  Paris  basin.  Gyrogonites, 
also,  or  seed-vessels  of  Chara,  exhibiting 
a  similar  specific  identity,  occur.  At 
Headon  Hill,  on  the  western  side  of  the 
island,  where  these  beds  are  seen  in  the 
Bea-clifTa,  some  of  the  strata  contain  a 
few  marine  and  estuary  shells,  such  as 
G/tkeraa,  Corbula,  &C.,  showing  a  tern* 
porary  occupation  of  the  area  by  brackish 
or  salt  water,  after  which  the  river  or  a 
liieofwiEhi.  jgjjg  geems  again  to  have  prevailed.    A 

•  CoquUlefl  caract^riaL  dea  Tenwna, 


198  xocxsB — mxtoGs  sedsl  [jrs» 

speries  of  fi»-fdfaB»  JFUrflma  TiMiBtMi^  fin»r-r  Hke  oae  v 
chaunietmaes  tine  lhut»n  Eocene  Iwds.  hu  becmrecetdf 


Dr.  >Luiit«ll  ia  thb  hmntka.  a  Wkxtecfif  Sot, 

S<Ytf»l  of  iW  $pem!i  of  exszaet  qmsirvpcd^  ^h^^r  ■TTiwinT  t»  a* 
trlwur««:t^rins^  ihftf  |»Tpi»BBi  cf  Mtfctmartre  have  b«cii  ^actwqtA  1;^ 
MiMs^ar^  IViktt  utd  Fotx.  m  tbie  Isie  of  W«r^  c&idN-at 
Kv^K  »»  iXtljtvArrmm  mammm.  P.  ■■fiftiM.  FLaLmoiPi 

IhtrAi^mmf  tf«rrrcM«flm  ;uiii  da^rrvpufit mm  CinvriL  in  fianive& fTh^ 
»U.^  v^  t^^  H«Bii^<$^inf  v-ciKC  »v«riL  cf  laese  ^pecsea,  wick  o^ber 
^iM^bru(v<b  v>f  iMW  ^*«tt<nk  suck  ss  /%c£ipiu«WrnBm.  Ov«il  tore  bent 

^V^K'^fK^  t\\»tl»  »Df  «cv^Ntt^«uu«i%i  bv  eke  Vhuc^  of  Trwiiju,  vad  ocfer 
K^rlvi^Nsk  ;Mt<l  bv  twv«  Wi  $ffiiki»  of  ti^  ^mos  n&ry^  Om^a^  front 
;)t  K^  4  l\vl  kyi^x  dt^^  ;fc  $p<cwT$cf  cnKv«SIi;.  ami  aa  ^&rioar.  Awfc-».>g 
v^ltK'^r  ^vk^  vvUvclK^i  bf  LjpN  Hasscofk  Sir  n&ip  Esertatt  has  re* 
W'l^MiAwt  ihv  w«lJt>)Ltt^w^  ^^w-  or  V^aj  pdu  jf  c^  Aanauma  cxvers^  « 
^Attv'iU  tt<»k  vf  ^  ^:ttim«  L^ftmA^bs^  with  ^  harl  amuo^  armfen  Tke 
«Kk^U  s^i'  UvHNtw^  4ar^  ;sitt^  fo  tkoiM  of  tke  S^vs&vaaer  mei&  «f  tke 

iWu  VNVsHU  K««*iMMi.  ;iyi»  I^MtMMtf  Smaa.  ami  Attr  fiiJji  mrtiiB»  ^e 
Uuvv  v^'^v^w^  ^5  Mr.  S^  W^mmL  ^bI  aksacixuii  wish,  aa  exkcia^ 

^^^\  ws'^uv^  v^"  iko  liccvaipaiiTuiir  omt-dOMMtiw  ocbn.  reaemklie  tkose  of 

t\^u\v  iu  ttuo^nd  ckttnccer  ^ad  oi>iuiir  ni  «  gr'kfng  a  mmamar^  «s 
U^  v^$;$^r^  tko  to^  tku  um&  AHtimje&s  v:i:»  ^oat'rf^  !5qol  tke  suae 

^v«sK  wteau^HtetL  eke  Kskrosr  iiene:^  nssics  ja  »  ■«»  of  pai« 
^Uxtv  M2hI  witkottfi  MdBEl&  imi  ^£d&  ^  «hbl  ul  Borsxa  CfiiF Q»  OT«r& 
«  lu^ntte  iecodis.  xa  wbie^  SS'  sgnxskti  of  %:siostL  iay^  Vmb  Shb^L 
Mv^w  ^K=*^  bait  of  ats»  c*  gtamntr;  laiL  leccr^K  »i  Iti  Pbea«- 
wk'k.  oaIt  11  of  iSutsBL  iXjamDOL  \i  zhti  JjimhiiL  CTk^  fr.*c<r.  hii  f^  xa 
llie  pivfcrcka  of  cixlj  ^  3*sr  >asi:s.  C^l  tii^  ocotfr  ■i.tmi,  TO  cf  rkn^ni. 
i^ree  Mzzh.  ike  csfanrr  yrmu^f  £ai£il&.  JU  ta3»  2»  eke  3K««sk  family 
msKi=^  l0td-^  'Jbt  Tjtvsoit  «r5es  ianwo.  =i  Yn^^vnr  we  niritt  kare 
expsc^i  ziis  *:aiit  if  =a  j«cai5atr  iuasELi  wioii  ^  9:ai  tt»  i^ive 
wii  an  ic^-BT  E>>WK:  icn=k  isacrikfti  ii  ike  liss  ^nvcer.  lai  weaml- 
ia^-T  jKiM  flfa^Tir-*"^^^'^*  ^^^  ^«s>^  assail  viik  vestbxik.  WA  of  eke 

fnaii«iw*t  »  I'*-^  »  a0%«s  cf  ae  crni5e  renaia^  co;:iscwii 
tbiijw:  ^iCi*,  aui  ii*  *x!«iats  iirir£4  -.f  tkt  ikeili  cti»  Moekeii  ii 
ti^  £5rJl**k  Jli^wai  art  j-a^  *£nsKd  ^y  ccoekduests  ^x  tken 
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of  siliceous  aond,  occupy  extensive  tracts  round  Bagahot,  in  Surrey, 
and  in  the  New  Foreat,  Hampshire.  They  succeed  next  in  chrono- 
logical or^er,  and  may  be  separated  into  three  divisions,  the  upper  and 
lower  consisting  of  light  yellow  sands,  and  the  central  of  dark  green 
sands  and  brown  clays,  the  whole  reposing  on  the  London  clay 
proper.*  Although  the  Bagsbot  beds  are  usually  devoid  of  fossils, 
they  contain  marine  shells  in  some  places,  among  which  Vetiericardia 


planicosla  (see  £g.  171.)  is  abundant,  with  Turritella  sulci/era  and 
Nummvlilet  Itevigattu.    (See  fig.  174.  p.  200.) 

At  Bracklesham  Bay,  near  Chichester,  in  Sussex,  the  characteristic 
shells  of  this  member  of  the  Eocene  series  are  best  seen;  among 
others,  the  huge  Cerilhium  gtganteum,  so  conspicuous  in  the  calcaire 
groasier  of  Paris,  where  it  is  sometimee  2  feet  in  length.  The  vo- 
lutes and  cowries  of  this  formation,  as  well  as  the  lunulites  and 
other  corals,  aeem  to  favour  the  idea  of  a  wsrm  climate  having  pre- 
vailed, which  is  borne  out  by  the  discovery  of  a  serpent  Patteophu 
typhicus,  exceeding,  according  to  Mr.  Owen,  20  feet  in  length,  and 
allied  to  the  Boa,  Python,  Coluber,  and  Hydrua.  The  compressed 
form  and  diminutive  aize  of  certain  caudal  vertebne  indicate  so  much 
analogy  with  Hydras  as  to  induce  the  Hunterian  professor  to  pro- 
nounce the  extinct  ophidian  to  have  been  marine.f  He  had  previously 
combated  with  eo  much  success  the  evidence  advanced,  to  prove  the 
exiatence  in  the  Northern  Ocean  of  sea-serpenta  in  our  own  times, 
that  he  will  not  be  suspected  of  any  undue  bias  in  contending  for 
their  former  existence  in  the  British  Eocene  seas.  The  climate, 
however,  of  the  Middle  Eocene  period  was  evidently  far  more  genial ; 
and  amongst  the  companions  of  the  sea-serpent  of  Brackleaham  was 
an  extinct  Gavial  {Gavialig  Dixoni,  OweuX  >ui<l  numerous  fish,  such 
as  now  frequent  the  seoa  of  warm  latitudes,  as  the  sword-fiah  (aee 
fig.  172.  p.  200.)  and  gigantic  rays  of  the  genus  Miliobatei.  (See 
fig.  173.) 
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Out  of  193  species  of  testacea  procured  from  the  Bngahot  and 
Bracklesbam  beds  in  England,  126  occur  in  tbe  French  ealcairc 
groasier.  It  waa  clearly,  therefore,  coeval  with  that  part  of  the 
Parisian  series  more  nearly  than  with  any  other.  The  Nummulites 
lavigatas  (see  fig.  174.),  a  fossil  characteristic  of  the  lower  beds  of 
the  calcaire  grossier,  is  abundant  at  Bracklesham. 


I.  griHip,  otlh  H  <D 


London  clay  proper  (3.  a.  Table,  p,  197.)- — This  formation  under- 
lies the  preceding,  and  consists  of  tenaceous  brown  nnd'^lueish  gray 
clay,  with  layers  of  concretions  called  septaria,  which  abound  chiefly 
in  the  brown  clay,  and  are  obtained  in  sufficient  numbers  from  the 
cliSs  near  Harwich,  and  from  ahoala  off  the  Essex  coRSt,  to  be  used 
for  making  Roman  cement.  The  principal  localities  of.  fossils  in  the 
London  clay  are  Highgate  Hill,  near  London,  the  island  of  Sheppey, 
and  Bognor  in  Hampshire.  Out  of  133  fossil  shells,  Mr.  Prestnich 
found  only  20  to  he  common  to  the  calcaire  grossier  (from  which  600 
species  have  been  obtained),  while  33  are  common  to  the  lits  co- 
quitlicrs  (p.  196.},  in  which  only  200  species  are  known  in  France. 
We  may  presume,  therefore,  that  the  London  clay  proper  is  older 
than  the  calcaire  grossier.  This  may  perhaps  remove  a  difficulty 
nrhich  M.  Adolphe  Brongniart  has  experienced  when  comparing  the 
Eocene  Flora  of  the  neighbourhoods  of  London  and  Paris.  The 
fossil  species  of  the  island  of  Sheppey,  he  observes,  indicate  a  much 
more  tropical  climate  than  the  Eocene  Flora  of  France,  which  has 
been  derived  principally  from  the  "  gypseous  series."  The  latter 
resembles  the  vegetation  of  the  borders  of  the  Mediterranean  rather 
than  that  of  an  equatorial  region. 

Mr.  Bowerbank,  in  a  valuable  publication  on  the  fossil  fruits  and 
seeds  of  the  island  of  Sheppey,  near  London,  has  described  no  less 
than  thirteen  fruits  of  palms  of  the  recent  type  Nipa,  now  only 
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fouDd  in  the  Molucca  and  Philippine  Islands. 
(See  fig.  175.)    These  plants  are  allied  to  the 
cocoa.iiut  tribe  on  the  one  side,  and  on  the 
other  to  the  Pandantis,  or  screw-pine.  Species 
of  cocoa-nuts  ore  also  met  with,  and  other 
kinds  of  palms  ;  also  three  species  of  Anona, 
or  custard-apple  ;  cucurbitaceous  fruits,  also 
(the  gourd  and  melon  fumiiy),  are  in  consi- 
derable abundance.     Fruits  of  various  species 
of  Acacia  are  in  profusion ;  and,  although 
less  decidedly  tropical,  imply  a  warm  climate. 
The  contiguity  of  land  may  be  inferred 
II  not  only  from  these  vegetable  productions, 
r  „-<•  ^y(  jIjq  from  the  teeth  and  bones  of  croco- 

diles and  turtles,  since  these  creatures,  as  Mr.  Conybeare  has  re- 
marked, must  have  resorted  to  some  shore  to  lay  their  eggs.  Of 
turtles  there  were  numerous  species  referred  to  extinct  genera,  and, 
for  the  most  part,  not  equal  in  size  to  the  largest  living  tropical 
turtles.  A  snake,  which  must  have  been  13  feet  long,  of  the  genus 
PaliEophis  before  mentioned,  has  also  been  described  by  Mr.  Owen 
from  Sheppey,  of  a  different  species  from  that  of  Bracklesham.  A 
true  crocodile,  also,  Crocodilus  loliapicus,  and  another  Saurian  more 
nearly  allied  to  the  gavial,  accompany  the  above  fossils.  A  bird  allied 
to  the  vultures,  and  a  quadruped  of  the  new  genus  Hyracolherium, 
allied  to  the  Hyras,  Hog,  and  Chffiropotamus,  are  also  among  the  ad- 
ditions made  of  late  years  to  the  palaeontology  of  this  division. 

The  marine  shells  of  the  Ixindon  clay  confirm  the  inference 
derivable  from  the  plants  and  reptiles  of  a  high  temperature.  Thus, 
many  species  of  Conut,  Mitra,  and  Valuta  occur,  a  large  Cypr<ea,  a 
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EOCEH2  STBATA  Or   KT80H. 


[Ch.  IVL 


Fif.  181.  Fi(-  m. 


very  ki^e  RosfeUaria,  and  shells  of  the  genera  Tertbellum,  Canetl- 
laria,  Cratiatella,  and  others,  with  four  or  more  species  of  Nautdtu 
(see  fig.  162.)  and  other  cephalopoda  of  extinct  genera,  one  of  the 
most  remarkable  of  which  is  the  Belotepia.'     (See  fig.  183). 

The  above  shells  are  accompanied  by  a  sword-fish  (Tetraptertu 
priteut,  Agassiz),  about  8  feet  long,  and  a  saw-fish  (Pritfu  bindeatut, 
Ag-X  about  10  feet  in  length ;  genera  now  foreign  to  the  British 
seas.  On  the  whole,  no  less  than  fifty  species  of  fish  have  been 
described  by  M.  Agassiz  from  these  beds  in  Sheppey,  and  they 
indicate,  in  his  opinion,  a  warm  climate. 

Strata  of  Kyton  in  Suffolk.  —  At  Kyeon,  a  few  miles  east  of 
Woodbridge,  a  bed  of  Eocene  clay,  12  feet  thick,  nnderlies  the  red 
crag.  Beneath  it  is  a  deposit  of  yellow  and  white  sand,  of  con- 
siderable interest,  in  consequence  of  many  peculiar  fossila  contained 
in  it.  Its  geological  position  is  probably  the  lowest  part  of  the 
London  clay  proper.  In  this  sand  has  been  found  the  first  example 
Fig.  1S4.1  ^^  1  fossil  quadrumnnous  animal  discovered 

in  Great  Britain,  namely,  the  teeth  and  part 
^{tt  ^AB     of  a  jaw,  shown  by  Mr.  Owen  to  belong  to 

V  a  monkey  of  the  genus  Macacut  (see  fig. 

HeUrornwiikertJifuant).      184- )■     ^^^  mammiferons  fossils,  first  met 
with  in  the  same  bed,  were  those  of  an 
opossum  {Didelphgi)  (see  fig.  185.),  and  an  insectivorous  bat  (fig. 
186.),  together  with   many  teeth  of    fishes  of  the   shark  family. 

•  For  deieription  of  Eoeeite  Ophalopods,  see  Monogi^dt  bj  F.  E.  Bdwardi^ 
Faheontognph.  Soc.  1S49. 
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^E'^^'       .  Mr.  Colchester  in   1840  obtained  other 

mammalian    relics    from    Kjson,   among 

^  fl       which  Mr.  Owen  has  recognized  several 

^^^nft  H        teeth  of  the  genus  Hyracotheriumy  and 

^^^■BB'  "        the  vertebrae  of  a  large  serpent,  probably 

a  PalcBophis.  As  the  remains  both  of  the 
Moiartooth^rjd^.rtofja^wofopo«u^^  and  ;  Pa/ic(>pAw     were 

Fig.  186.  afterwards  met  with  in  the  London  clay, 

J.  as    before   remarked,   these   fossils   con- 

A^               Vt  .  firmed  the  opinion  previously  entertained, 

^\               uu  ^^^^  ^^^  Kyson  sand  belongs  to  the  Eocene 

^^  period.      The   MacacttSy  therefore,  con- 

Moiarsofinsecavoroasbatf,  stitutcs  the  first  example  of  any  quadru- 

twice  nat.  sise.  .        %    t*         j.  ..  ,^ 

From  Kyson,  Suffolk.  mauous  animal  lound  in  strata  as  old  as 

the  Eocene,  or  so  far  from  the  equator  as 
lat.  52^  N.  It  was  not  until  after  the  year  1836  that  the  existence 
of  any  fossil  quadrumana  was  brought  to  light.  Since  that  period 
they  have  been  found  in  France,  India,  and  Brazil. 

Mottled  or  Plastic  Clays^  S^c,  (3.  b^  Table,  p.  197.). — No  formations 
can  be  more  dissimilar  on  the  whole  in  mineral  character  than  tho 
Eocene  deposits  of  England  and  Paris  ;  those  of  our  own  island  being 
almost  exclusively  of  mechanical  origin, — accumulations  of  mud^ 
sand,  and  pebbles ;  while  in  the  neighbourhood  of  Paris  we  find  a 
great  succession  of  strata  composed  of  a  coarse  white  limestone,  and 
compact  siliceous  limestone  with  beds  of  crystalline  gypsum  and 
siliceous  sandstone,  and  sometimes  pure  flint  used  for  millstones. 
Hence  it  is  by  no  means  an  easy  task  to  institute  an  exact  com- 
parison between  the  various  members  of  the  English  and  French 
series,  and  to  settle  their  respective  ages.  It  is  clear  that  a  continual 
change  was  going  on  in  the  fauna  and  flora  by  the  coming  in  of  new 
species  and  the  dying  out  of  others ;  and  contemporaneous  changes  of 
geographical  conditions  were  also  in  progress  in  consequence  of  the 
rising  and  sinking  of  the  land  and  bottom  of  the  sea.  A  particular 
subdivision,  therefore,  of  time  was  occasionally  represented  in  one 
area  by  land,  in  another  by  an  estuary,  in  a  third  by  the  sea,  and 
even  where  the  conditions  were  in  both  areas  of  a  marine  character, 
there  was  often  shallow  water  in  one,  and  deep  sea  in  another,  pro« 
ducing  a  want  of  agreement  in  the  state  of  animal  life. 

At  the  commencement,  however,  of  the  Eocene  formations  in 
France  and  England,  we  find  an  exception  to  this  rule,  for  a  marked 
similarity  of  mineral  character  reigns  in  the  lowest  division,  whether 
in  the  basins  of  Paris,  Hampshire,  or  London.  This  uniformity  of 
aspect  must  be  seen  in  order  to  be  fully  appreciated,  since  the  beds 
consist  simply  of  sand,  mottled  clays,  and  well-rolled  flint  pebbles, 
derived  from  the  chalk,  and  varying  in  size  from  that  of  a  pea  to  an 
egg.     These  strata  may  be  seen  at  Beading,  at  Blackheath,  near 
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Wight,  in  the  Bouth  of  Hampshire,  and  near  London,  always  ap- 
pearing at  the  bottom  of  the  Eocene  series.  It  may  be  asked  why 
they  did  not  constitute  simply  a  narrow  littoral  zone,  such  as  we 
might  look  for  in  strata  formed  at  a  moderate  distance  from  the 
shore.  In  answer  to  this  inquiry,  the  student  must  be  reminded, 
that  wherever  a  gently-rising  land  ia  gradually  sinking  and  becoming 
submerged,  shingle  may  be  heaped  up  successively  over  a  wide  area, 
although  marine  currents  hare  no  power  of  dispersing  it  Btmulta- 
□eously  over  a  large  ppace.  Id  such  cases  it  ia  not  the  shingle  which 
recedes  from  the  coast,  but  the  coast  which  recedes  from  the  ehingle, 
which  is  formed  one  mass  after  another  as  often  as  succeBsive  portions 
of  the  land  are  converted  into  sea  and  others  into  a  sea  beach. 

The  London  area  appears  to  have  been  upraised,  before  that  of 
Hampshire,  so  that  it  never  became  the  receptacle  of  the  Barton 
clays,  nor  of  the  overlying  fluvio-marine  and  freshwater  beds  of 
Hordwell  and  the  north  part  of  the  Isle  of  Wight.  On  the  other 
hand,  the  Hampshire  Eocene  area  seems  to  have  emerged  before  that 
of  Paris,  bo  that  no  marine  beds  of  the  Upper  Eocene  era  were  ever 
thrown  down  in  Hampshire. 

Nummulitic  formation  of  the  Alps  and  Pyrenets. — It  has  long 
been  matter  of  controversy,  whether  the  nummulitic  rocks  of  the 
Alps  and  Pyrenees  should  be  regarded  as  Eocene  or  Cretaceous  ;  but 
the  number  of  geologists  of  high  authority  who  regard  this  im- 
porlant  group  as  belonging  to  the  lowest  tertiary  system  of  Europe 
has  for  many  years  been  steadily  increasing.  The  late  M.  Alex. 
Brongniart  first  declared  the  specific  identity  of  many  of  the  shells  of 
this  formation  with  those  of  tbe  marine  strata  near  Paris,  although  he 
obtained  them  from  the  summit  of  the  Diablerets,  one  of  the  loftiest 
of  the  Swiss  Alps,  which  rises  more  than  10,000  feet  above  the  level 
of  the  sea. 

Deposits  of  the  same  age,  found  on  the  flanks  of  the  Pyrenees, 
contain  also  a  great  number  of  shells  common  to  the  Paris  and  London 
areas,  and  three  or  four  species  only  which  are  common  to  the 
cretaceous  formation. 

Tbe  calcareous  division  consists  often  of  a  compact  crystalline 
marble,  full  of  nummulites  (see  fig.  189.),  flhells  of  the  class  Fora- 
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The  nummulitic  limestone  of  the  Alps  is  often  of  great  thickness, 
and  is  immediately  covered  by  another  series  of  strata  of  dark* 
coloured  slates,  marls,  and  fucoidal  sandstones,  to  the  whole  of  which 
the  provincial  name  of  **  flysch"  has  been  given  in  parts  of  Switzer- 
land. The  researches  of  Sir  Roderick  Murchison  in  the  Alps  in 
1847  enable  us  to  refer  the  whole  of  these  beds  to  the  Eocene  period, 
and  it  seems  probable  that  they  most  nearly  coincide  in  age  with  the 
Lower  Eocene.  They  enter  into  the  disturbed  and  loftiest  portions 
of  the  Alpine  chain,  to  the  elevation  of  which  they  enable  us  there- 
fore to  assign  a  comparatively  modern  date. 

The  nummulitic  formation,  with  its  characteristic  fossils,  plays  a 
far  more  conspicuous  part  than  any  other  tertiary  group  in  the  solid 
framework  of  the  earth's  crust,  whether  in  Europe,  Asia,  or  Africa. 
It  often  attains  a  thickness  of  many  thousand  feet,  and  extends  from 
the  Alps  to  the  Apennines.  It  is  found  in  the  Carpathians,  and  in 
full  force  in  the  north  of  Africa,  as,  for  example,  in  Algeria  and 
Morocco.  It  has  also  been  traced  from  Egypt  into  Asia  Minor,  and 
across  Persia  by  Bagdad  to  the  mouths  of  the  Indus.  It  occurs  not 
only  in  Cutch,  but  in  the  mountain  ranges  which  separate  Scinde 
from  Persia,  and  which  form  the  passes  leading  to  Caboul ;  and  it 
has  been  followed  still  farther  eastward  into  India. 

Some  members  of  this  lower  tertiary  formation  in  the  central  Alps, 
including  even  the  superior  strata  csWeAflyschy  have  been  converted 
into  crystalline  rocks,  and  changed  into  saccharoid  marble,  quartz 
rock,  and  mica-schist.* 
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In  North  America  the  Eocene  formations  occupy  a  large  area 
bordering  the  Atlantic,  which  increases  in  breadth  and  importance  as 
it  is  traced  southwards  from  Delaware  and  Maryland  to  Georgia  and 
Alabama.  They  also  occur  in  Louisiana  and  other  states  both  east 
and  west  of  the  valley  of  the  IVIississippi.  At  Claiborne  in  Alabama 
no  less  than  four  hundred  species  of  marine  shells,  with  many  echi- 
noderms  and  teeth  of  fish,  characterize  one  member  of  this  system. 
Among  the  shells  the  Cardita  planicostay  before  mentioned  (fig.  171. 
p.  199.),  is  in  abundance;  and  this  fossil,  and  some  others  identical 
with  European  species,  or  very  nearly  allied  to  them,  make  it  highly 
probable  that  the  Claiborne  beds  agree  in  age  with  the  central  or 
Bracklesham  group  of  England,  and  the  calcaire  grossier  of  Paris.f 

Higher  in  the  series  is  a  remarkable  calcareous  rock,  formerly  called 
"  the  nummulite  limestone,"  from  the  great  number  of  discoid  bodies 
resembling  nummulites  which  it  contains,  fossils  now  referred  by  A. 
d'Orbigny  to  corals  of  the  genus  Orbitoides,  The  following  section  will 
enable  the  reader  to  understand  the  position  of  the  three  subdivisions 

*  Marchison,  Qnart  Joom.  of  Gool.  f  See  pAper  by  the  anthor,  Qnart. 
Soc.voL  v.,  and  Lyell,  voL  vi.  1850.  Journ.  GcoL  Soc  voL  iv.  p.  12.;  and 
Aniiiyersary  Address.  Second  Visit  to  the  U.  S.  toL  iL  p.  59. 
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of  the  series,  Nos.  1,  2,  end  3,,  the  rel&tions  of  which  I  ascertained  in 
Clarke  County,  between  the  rivers  Alabama  and  Tombeckbee. 


•sd  cinf  vIEbgui  tOHilk    A|«  lutDiniB. 


The  lowest  set  of  stratAi  No.  1,  having  a  thickneea  of  more  than 
100  feet,  comprise  marlj  beds,  in  which  the  Oslrea  ttUaformw 
occurs,  a  shell  ranging  from  Alabama  to  Yii^inia,  and  being  a  repre- 
Bentative  form  of  the  Ottreajlabelhtia  of  the  Eocene  group  of  Europe. 
In  others  beds  of  No.  1.,  two  European  shells,  Cardita  ptanicotta, 
before  mentioned,  and  Solarium  canaluntiatum  are  found,  with  a 
great  many  other  species  peculiar  to  America.  Numerons  corals, 
also,  and  the  remains  of  placoid  fish  and  of  rays  occur,  and  the 
"swordg,"  as  they  are  called,  of  sword  fishes,  all' bearing  a  great 
generic  likeness  to  those  of  the  Eocene  strata  of  England  and  France. 

No.  2  (fig.  190.)  is  a  white  limestone,  sometimes  soft  and  argilla- 
ceous, but  in  parts  very  compact  and  calcareous.  It  contains 
several  peculiar  corals,  and  a  large  Nautilus  allied  to  iV.  ligzag,  also 
in  its  upper  bed  a  gigantic  cetacean,  called  Zeuglodon  by  Owen.* 


Fig.  ISI.  Vtrtabn,  ra 


The  colossal  bones  of  this  cetacean  are  so  plentiful  in  the  interior 
of  Clarke  County  as  to  be  characteristic  of  the  formation.  The  ver- 
tebral column  of  one  skeleton  found  by  Dr.  Buckley  at  a  spot  viuted 
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'I/.':    '/i.T  '•'i.'j':   *.rr;if;i  ^f  r:.^:   S'^uthem   States  contain  so  manv 
i'.-fi\*.  '.\'f:*,u'j  //if!'!  th''/-';  of  (.lilzfftrn*^  that  it  doubtless  belongs  to 
th/:  .^;ifij"  \0i1rXoi  u.*:  Vy,f.t'j\t'.  'j:Tfrt\»^\\i't\yj:)i  I  was  not  fortunate  enoun-li 
f/*  >.'■'•.  fh';   r«"I;ifiofi-  of  th^:  f-vo    H':po-it*  in  a  continuous   section. 
Mr,  'I  •lor/,'-/  ':o:j^.id'ri  it  a-  th«:  lovi^r  portion  of  the  series.     It  mav 
|/«'ili;ij;',  \$*i  a  fori/i  of  ffi';  Ciaihorn^;  f>*:'U  in  place*  where  lime  was 
v/:ifiriri/,  ;:f»'J  v,\t*'.i(',  ".Il'x,  'I'-rivwl  from  the  decomposition  of  felspar, 
pr<'lofriiri:tt<<f.     It  ^-on'i-.f-*  chiefly  of  ilatv  clays,  rjuartzose  sands,  and 
I'i;iin,  of  ;i  hri'k-rorl  colour,  v/itli  layers  of  chert  or  burr-stone,  used 
iu  f'fin"  pla'^^H  for  rnili-Hton^.f. 

•   l.y«:ll,  Qimrr.  Joiirn.  Oe^iL  S'K.  1847.  vol.  iv.  p.  15. 
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CHAPTER  XVII. 

CRETACEOnS  GROUF. 


DiiHsions  of  the  crclnceons  scries  in  North-Weiteni  Europe— Upper  c 

strata — Maestriclit  beds — Chalk  ot  Foxoo — White  chdk  —  Characteristic  Toasilg 
— Extinct  ccplialopoilii — Sponges  «nd  corals  of  the  chalk  —  Signs  of  open  and 
deep  sea — Wide  area  of  white  chalk  —  Its  origin  from  corals  and  shells  —  Single 
pebbles  in  cliatk — Siliccona  sandstone  in  Germany  contemporaneous  with  white 
chalk  —  Upper  grcensand  and  gault  —  Lower  cretaceous  strsta — ^Alhcriield  sec- 
tion, Isle  of  Wight — Chnlk  of  South  of  Europe  —  Hippurite  limestone — Cre- 
taceous Flora— Challt  of  United  Stales. 

Having  treated  in  the  preceding  chapters  of  the  tertiary  strata,  we 
hitve  next  to  Epeak  of  the  uppermost  of  the  secondary  groups,  called 
the  Chalk  or  Crutaceous  (No.  6.  Table,  p.  103.),  because  in  those 
parts  of  Europe  where  it  was  first  studied  its  upper  members  nre 
formed  of  that  remarkable  white  earthy  limestone,  termed  chalk 
(creta).  The  inferior  division  consists,  for  the  most  part,  of  clays 
and  sands,  called  Greensand,  because  some  of  the  sands  derive  a 
bright  green  colour  from  intermixed  grains  of  chloritic  matter.  The 
cretaceous  strata  in  the  north-west  of  Europe  may  be  thus  divided  *  ; 

Upper  Cretaceout. 

1.  Jtieslrichl  bedf  and  Fainc  limestone. 

2.  Upper  while  chalk,  with  flints. 

3.  Lower  white  chalk,  without  Bints,  passing  downwards  into  chalk  marl,  which 

is  slightly  argiltaccous. 

4.  Upper  grcensand. 

5.  Gault 

Lotcer  Cretaceous. 

G.  Lower  greensand — Ironsond,  clay,  and  occasional  beds  of  litnestone  (Kentish 

ragj- 

Maestrlcht  Beds. — On  the  banks  of  the  Meuse,  at  Maestricht, 
reposing  on  ordinary  white  chalk  with  flints,  we  find  an  upper  cal- 
careous formation  about  100  feet  thick,  the  fossils  of  which  are,  on 
the  whole,  very  peculiar,  and  all  distinct  from  tertiary  epeciea.    Some 

*  M.  Alciile  d'Orbigny,  in  his  Tulnable  work  entitled  Faleontologio  Fran^^se, 
has  adopted  new  tcrtns  for  the  French  subdivisions  of  the  Cretaceous  Scries,  which, 
■o  far  OS  they  can  be  made  to  tally  with  English  equivalents,  seem  explicable  thus : 

Danien.       Maestricbt  beds. 

Scnonicn.     Upper  and  loner  white  chalk,  and  chalk  marL 

Turonien.  Part  of  the  chalk  marl  and  the  upper  greensand,  the  latter  bting  ia 
his  last  work  (Coun  ElemcnCaire)  termed  Ccnotnanien, 

Albien.       Gault. 

Aptien.        Upper  part  of  lower  greeuMud.  _ 
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few  are  of  species  common  to  the  inferior  white  chalk,  among  which 
may  be  mentioned  Beleninites  mucronatus  (see  fig.  197.)  and  Pecien 
quadricostatus.  Besides  the  Belemnite  there  are  other  genera,  such 
as  Ammonite,  Baculite,  and  Hamite,  never  found  in  strata  newer 
than  tlie  cretaceous,  but  frequently  met  with  in  these  Maestricht 
beds.  On  the  other  hand.  Volutes  and  other  genera  of  univalve 
shells,  usually  met  with  only  in  tertiary  strata,  occur. 

The  upper  part  of  the  rock,  about  20  feet  thick,  as  seen  in 
St.  Peter's  Mount,  in  the  suburbs  of  Maestricht,  abounds  in  corals, 
often  detachable  from  tlie  matrix ;  and  these  beds  are  succeeded  by 
a  soft  yellowish  limestone  50  feet  thick,  extensively  quarried  from 
time  immemorial  for  building.  The  stone  below  is  whiter,  and  con- 
.  tains  occasional  nodules  of  grey  chert  or  chalcedony. 

M.  Bosquet,  with  whom  I  lately  examined  this  formation  (August, 
1850),  pointed  out  to  me  a  layer  of  chalk  from  2  to  4  inches  thick, 
containing  green  earth  and  numerous  encrinital  stems,  which  forms 
the  line  of  demarcation  between  the  strata  containing  the  fossils 
peculiar  to  Maestricht  and  the  white  chalk  below.  The  latter  is  dis- 
tinguished by  regular  layers  of  black  flint  in  nodules,  and  by  several 
shells,  such  as  Terehratula  camea  (see  fig.  201.),  wholly  wanting  in 
beds  higher  than  the  green  band.  Some  of  the  organic  remains,  how- 
ever, for  which  St.  Peter's  Mount  is  celebrated,  occur  both  above  and 
below  that  parting  layer,  and,  among  others,  the  great  marine  reptile, 
called  Mosasaurus,  a  saurian  supposed  to  have  been  24  feet  in 
length,  of  which  the  entire  skull  and  a  great  part  of  the  skeleton 
have  been  found.  Such  remains  are  chiefly  met  with  in  the  soft 
freestone,  the  principal  member  of  the  Maestricht  beds. 

Chalk  of  Faxoe,  —  In  the  island  of  Seeland,  in  Denmark,  the 
newest  member  of  the  chalk  series,  seen  in  the  sea-clifls  at  Stevens- 
klint  resting  on  white  chalk  with  flints,  is  a  yellow  limestone,  a 
portion  of  which,  at  Faxoe,  where  it  is  used  as  a  building-stone,  is 
composed  of  corals,  even  more  conspicuously  than  is  usually  ob- 
served in  recent  coral  reefs.  It  has  been  quarried  to  the  depth  of 
more  than  40  feet,  but  its  thickness  is  unknown.  The  imbedded 
shells  are  chiefly  casts,  many  of  them  of  univalve  mollusca,  which,  as 
they  strictly  belong  to  the  Cretaceous  era,  are  worthy  of  notice,  since 
such  forms,  whether  spiral  or  patelliform,  are  wanting  in  the  white 
chalk  of  Europe  generally.  Thus,  there  are  two  species  of  Cyprcea^ 
one  of  Olivay  two  of  Mitra^  four  of  the  genus  Cerithiumy  six  of 
FusuSy  two  of  TrochMf  one  Patella,  one  Emarginula,  &c.,  on  the 
whole,  more  than  thirty  univalves,  spiral  or  patelliform,  not  one  of 
which  is  common  to  the  white  chalk.  At  the  same  time,  a  large 
proportion  of  the  accompanying  bivalve  shells,  echinoderms,  and 
zoophytes,  are  specifically  identical  with  fossils  of  older  parts  of  the 
Cretaceous  series.  Among  the  cephalopoda  of  Faxoe,  may  be  men- 
tioned Baculitea  Faujasii  and  Belemnites  mucronaties,  shells  of  the 
white  chalk. 

The  claws  and  entire  shell  of  a  small  crab,  Brachyurus  rugoiUM 
(Schlotheim),  are  scattered  through  the  Faxoe  stone,  reminding  us 
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of  similar  cmataceana  enclosed  in  the  roeks  of 
many  modern  coral  reefs.*  Some  small  portions 
of  tiiis  coralline  formation  consist  of  white  earthy 
chalk;  it  is,  therefore,  clear  that  this  substance 
must  have  been  produced  umultaneously,  a  fact  of 
some  importance,  as  bearing  on  the  theory  of  the 
origin  of  white  chalk  ;  for  the  decomposition  of 
such  corals  as  we  see  at  Faxoe  is  capable,  we  know, 
of  forming  white  mud,  un  distinguish  able  from 
chalk,  ond  which  we  may  suppose  to  have  been 
dispersed  far  and  wide  through  the  ocean,  in  which 
such  reefs  as  that  of  Faxoe  grew. 

fFAile  Chalk  (2.  and  3.  Tab.  p.  209.).  — The  . 
highest  beds  of  chalk  in  England  and  France  consist 
of  a  pure,  white,  calcareous  mass,  usually  too  soft  for 
a  building  stone,  but  sometimes  passing  into  a  more 
solid  state.  It  consists,  almost  purely,  of  carbonate 
of  lime;  the  Stratification  is  often  obscure,  except 
where  rendered  distinct  by  interstratified  layers  of 
flint,  a  few  inches  thick,  occasionally  in  continuous 
beds,  but  oftener  in  nodules,  and  recurring  at  in- 
tervals from  2  to  4  feet  distant  from  each  other. 
I      y         %  This  upper  chalk  is  usually  succeeded,  in  the 

I     "\  i      descending  order,  by  a  great  mass  of  white  chalk 

without  flints,  below  which  comes  the  chalk  marl, 
in  which  there  is  a  slight  admixture  of  argillaceous 
matter.  The  united  thickness  of  the  three  divi- 
sions in  the  south  of  England  equals,  in  some 
places,  1000  feeLf 

The  annexed  section,  fig.  193.,    will  show  the 
manner  in  which  the  white  chalk  extends  from 
i      JH  England    into  France,    covered   by  the   tertiary 

J       "%^  strata  described  in  former  chapters,  and  reposing 

on  lower  cretaceous  beds. 

Among  the  conspicuous  forms  of  moUusca  wholly 
foreign  to  the  tertiary  and  recent  periods,  and 
which  we  meet  with  in  the  white  chalk,  are  the 
Beleranite,  Ammonite,  Baculite,  and  Turrilite,  all 
genera  of  Cephalopoda,  n  family  to  which  the  living  cuttle-fish  and 
nautilus  belong. 
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Among  the  brachiopoda  in  the  white  chalk,  the  Terebralvla  are 
Tei7  abuniUnt.  These  shells  are  known  to  live  at  the  bottom  of  the 
sea,  where  the  water  is  tranquil  and  of  some  depth  (see  figs.  198, 


199|  200,  201.).  With  these  are  associated  some  forms  of  oyster 
(see  figa.  202.  and  204.),  and  other  bivalves  (figs.  203.  205,  206, 
207,  208.). 


Ottnamiemlartt,  Grmiluntlo. 
Upper  rhilk  and  nppet  gncn. 


AND  GBEENSAND. 


Vbiw  chilh  iiid  upper 


Among  the  rest,  no  form  marks  the  cretaceous  era  i 
America,  and  India, 


and  some  of  the  flintj-  nodules  c 


Europe, 
1  a  more 
Btriking  manner  than  the  ex- 
tinct genus  Inoceramtu  (Ca- 
iillut  of  Lamk.),  the  shells  of 
which  are  distinguished  by  a 
fibrous  texture,  and  are  often 
met  with  in  fragments,  having, 
probably,  been  extremely  fri- 
able. 

With  these  molluscs  are 
many  corals  (figs.  209,  210, 
211.)  and  sea  urchins  (fig. 
212.),  which  am  alike  marine, 
and,  for  the  most  part,  indica- 
tive of  a  deep  sea.  They  are 
dispersed  indifferently  through 
the  EoIY  chalk  and  hard  flint, 
their  irregular  forma  to  inclosed 
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Eoophytea,  as  in  the  specimen  represented  in  fig.  211.,  where  the 
hollows  in  the  exterior  are  caused  hj  the  branches  of  a  sponge  seen 
on  breaking  open  the  flint,  fig.  210. 

Of  the  singular  familj  called  Sudufet,  by  Lamarck,  hereafter  to 
be  mentioned,  as  eTtremely  characteristic  of  the  clialk  of  Southern 
Europe,  n  single  representative  only  has  been  discovered  in  the  white 
cliatk  of  England. 


The  remains  of  fishes  of  the  Upper  Cretaceous  formations  consist 
chiefly  of  teeth  of  the  shark  family  of  genem,  in  part  common  to  the 
tertiary,  and  partly  distinct.  But  we  meet  with  no  bones  of  land 
animala,  nor  any  terrestrial  or  fiuvialile  shells,  nor  any  plants,  except 
sea-weeds,  and  here  and  there  a  piece  of  drift  wood.  All  the  appear- 
ances concur  in  leading  us  to  conclude  that  the  white  chalk  was  the 
product  of  an  open  sea  of  considerable  depth. 

The  existence  of  turtles  and  oviparous  saurians,  and  of  a  Ptero- 
dactyl or  winged-lizard,  found  in  the  white  chalk  of  Maidstone,  im- 
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plies,  no  doubt,  some  neighbouring  land ;  but  a  few  small  islets  in 
mid-ocean,  like  Ascension,  so  mach  frequented  by  migratory  droves 
of  turtles,  might  perhaps  have  afforded  the  required  retreat  where 
these  creatures  might  lay  their  eggs  in  the  sand,  or  from  which  the 
flying  species  may  have  been  blown  out  to  sea.  Of  the  vegetation 
of  such  islands  we  have  scarcely  any  indication,  but  it  consisted 
partly  of  cycadeous  plants ;  for  a  fragment  of  one  of  these  was  found 
by  Capt.  Ibbetson  in  the  chalk  marl  of  the  Isle  of  Wight,  and  is 
referred  by  A.  Brongniart  to  Clathraria  Lyelliiy  IMantell,  a  species 
common  to  the  antecedent  Wealden  period. 

Geographical  extent  and  origin  of  the  White  Chalk, — The  area 
over  which  the  white  chalk  preserves  a  nearly  homogeneous  aspect 
is  so  vast,  that  the  earlier  geologists  despaired  of  discovering  any 
analogous  deposits  of  recent  date.  Pure  chalk,  of  nearly  uniform 
aspect  and  composition,  is  met  with  in  a  north-west  and  south-east 
direction,  from  the  north  of  Ireland  to  the  Crimea,  a  distance  of 
about  1140  geographical  miles  ;  and  in  an  opposite  direction  it  ex- 
tends from  the  south  of  Sweden  to  the  south  of  Bordeaux,  a  distance 
of  about  840  geographical  miles.  In  Southern  Russia,  according  to 
Sir  R.  Murchison,  it  is  sometimes  600  feet  thick,  and  retains  the  same 
mineral  character  as  in  France  and  England,  with  the  same  fossils, 
including  Inoceramus  Cuvieriy  Belemnites  mttcronatusy  and  Ostrea 
vesicularis.* 

But  it  would  be  an  error  to  imagine,  that  the  chalk  was  ever  spread 
out  continuously  over  the  whole  of  the  space  comprised  within  these 
limits,  although  it  prevailed  in  greater  or  less  thickness  over  large 
portions  of  that  area.  On  turning  to  those  regions  of  the  Pacific 
where  coral  reefs  abound,  we  find  some  archipelagoes  of  lagoon 
islands,  such  as  that  of  the  Dangerous  Archipelago,  for  instance,  and 
that  of  Radack,  with  several  adjoining  groups,  which  are  from  1100 
to  1200  miles  in  length,  and  300  or  400  miles  broad;  and  the  space 
to  which  Flinders  proposed  to  give  the  name  of  the  Coralline  Sea  is 
still  larger  ;  for  it  is  bounded  on  the  east  by  the  Australian  barrier 
—  all  formed  of  coral  rock, — on  the  west  by  New  Caledonia,  and  on 
the  north  by  the  reefs  of  Louisiade.  Although  the  islands  in  these 
areas  may  be  thinly  sown,  the  mud  of  the  decomposing  zoophytes 
may  be  scattered  far  and  wide  by  oceanic  currents.  That  this  mud 
would  resemble  chalk  I  have  already  hinted  when  speaking  of  the 
Faxoe  limestone,  p.  211.;  and  it  was  also  remarked  in  an  early  part  of 
this  volume,  that  some  even  of  that  chalk  which  appears  to  an  ordi- 
nary observer  quite  destitute  of  organic  remains,  is  nevertheless, 
when  seen  under  the  microscope,  full  of  fragments  of  corals  and 
sponges ;  and  the  valves  of  Ct/therina,  the  shells  of  foraminiferaj  and 
still  more  minute  infusoria.     (See  p.  26.) 

Now  it  had  been  often  suspected,  before  these  discoveries,  that 
white  chalk  might  be  of  animal  origin,  even  where  every  trace  of 
organic  structure  has  vanished.     This  bold  idea  was  partly  founded 

♦  Procoedings  of  Geol.  Soc,  vol.  iii.  pp.  7,  8.,  1842. 
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o:;  iLe  flirt.  cLac  tLe  cLalk  coa^sceii  ct*  p<ir»  <ar!»Gaie  of  Ihne,  soA 
&5  vr-jold  r^;il;  frc^oi  zhi  •i-rocaL7»siti<:-c  •:/  c^ftiioea.  eelkmL  and  ccrsls  ; 
md  rartir  ca  th*?  passive  cc«*rrT4t  >  l**rw€iai  ?!:•*»  fossil*  wben  half 
decospo^  and  culk.  Bs;  :Li«  c^:£j<etr;si^  £«itr:n<d  so  manj  nanxralists 
qcite  T^zue  and  Tifio-iarT.  ii!i:il  it*  rnxal-ilitj  was  strengtheiied  by 
new  erid-ence  br^i-'^gLt  to  lizLi  bj  ra^iti-erD  £«M:*:ci*r3w 

We  ieam  (h>m  Li-cteaa.-:t  Neli^xi.  tLat.  in  the  Bermnda  islands, 
there  are  seTeral  l-asic*  or  U^>:a*  aLs«:«:  5iirr:-ciided  and  enclosed 
bj  rtirf*  cf  c»:nL  At  the  l*:«c»a  oi  lie^e  iagcvns  a  soft  white  cal- 
careous mai  is  r'.mir^i  It  :he  dir^t'n:p:«a:icn  of  EseAara^  Flmstray 
CtlleporOj  and  o:Ler  ctr:iliine«.  TLis  mud,  when  dried,  is  nndistin- 
gnishabii::  from  comcion  white  earthr  chalk ;  acd  scice  portions  of  it, 
presented  to  the  Mosenm  of  the  Geok<gioal  Sccienr  cf  London,  might, 
after  full  examination,  be  mistaken  for  aneient  chalk,  bat  lor  the 
labels  attached  to  them.  Aboat  the  same  time  )Ir.  C.  Darwin  ob- 
served similar  facts  in  the  coral  blands  of  the  Pacific ;  and  came  also 
to  the  opinion,  that  moch  of  the  soft  white  mud  found  at  the  bottom 
of  the  sea  near  coral  reefs  has  passed  thnc  ugh  the  bcdies  of  worms, 
br  which  the  stonv  masses  of  coral  are  CTervwher^  bored :  and  other 
ficrtiocs  through  the  intestines  of  fishes:  for  certain  gregarions  fishes 
of  the  genus  Sparus  are  risible  through  the  clear  water,  browsing 
quietlj.  in  great  numbers,  on  living  corals,  like  grazing  herds  of 
graminivorous  quadrupeds.     On  opening  their     __    ^..  p. 

bo«li*r«,  Mr.  Darwin  found  their  intestines  filled 
with  impure  chalk.  This  circumstance  is  the 
more  in  point,  when  we  recollect  how  the 
fossilist  was  formerly  puzzled  bj  meeting,  in 
chalk,  with  certain  bodies,  called  cones  of  the 
birch,  which  were  aften^-ards  recognised  bv 
Dr.  Buckland  to  be  the  excrement  of  fish.* 
The«e  spiral  coprolites  (see  figures),  like  the  corroitn  or fi»h  called /«ib^ 
scales  and  bones  of  fossil  fish  in  the  chalk,  are     «*>^^'^  *«»«*«  «^fc»*k. 

composed  chiefly  of  phosphate  of  lime. 

3Ir.  Dana,  when  describing  the  elevated  coral  reef  of  Oahn,  in  the 
Sandwich  Islands,  sajs,  that  some  varieties  of  the  rock  consist  of 
aggregated  shells,  imbedded  in  a  compact  calcareous  base  as  firm  in 
texture  as  any  secondary  limestone;  while  others  are  like  chalk, 
having  its  colour,  its  earthy  fracture,  its  soft  homogeneous  texture, 
and  being  an  equally  good  writing  materiaL  The  same  author  de- 
scribes, in  many  growing  coral  reefs,  a  similar  formation  of  modem 
chalk,  undistinguishable  from  the  ancient.f  The  extension  over  a 
wide  submarine  area  of  the  calcareous  matrix  of  the  chalk,  as  well  as 
of  the  imbedded  fossils,  would  take  place  the  more  readily,  in  conse- 
quence of  the  low  specific  gravity  of  the  shells  of  moUusca  and  zoo- 
phytes, when  compared  with  ordinary  sand  and  mineral  matter.  The 
mud  also  derived  from  their  decomposition  would  be  much  lighter 

•  Gcol.  Trans^  Sccf>nd  Scries,  vol.  iiL  f  G^'-  ^^  ^'  S.  Exploring  Exped., 
p.  232.  plate  31.  figs.  3.  and  1 1.  p.  252.  1849. 
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than  argilliiceous  nnd  other  inorganic  mad,  and  very  easil;  transported 
by  currents,  especially  in  ealt  water. 

Sivgle  pebhiea  in  ckalk. — The  general  absence  of  sand  and  pebbles 
in  tlie  wliite  chalk  has  been  already  mentioned  ;  but  the  occurrence 
lierc  and  there,  in  the  south-east  of  England,  of  a  few  isolated  peb- 
bles of  quartz  and  green  schist,  some  of  titera  2  or  3  inciies  in 
diameter,  lias  justly  excited  much  wonder.  If  these  had  been 
carried  to  the  spots  where  we  now  find  them  by  waves  or  currents 
from  tiie  lands  once  bordering  the  cretaceous  sea,  how  happened  it 
that  no  sand  or  mud  were  transported  tliither  at  the  same  time  ? 
We  cannot  conceive  such  rounded  stones  to  hare  been  drifted  like 
erratic  blocks  by  ice  •,  for  tliat  would  imply  a  cold  climate  in  the 
Cretoceous  period;  a  supposition  inconsistent  with  the  luxuriant 
growth  of  large  chambered  univalves,  numerous  cornb,  and  many 
fisii,  nnd  other  fossils  of  tropical  forms. 

Now  in  Kcehng  Island,  one  of  those  detached  masses  of  coral 
which  rise  up  in  the  wide  Pacific,  Captain  Ross  found  a  single 
fragment  of  greenstone,  where  every  other  particle  of  matter  was 
calcareous  ;  and  Sir.  Darwin  concludes  that  it  must  have  come  there 
entangled  in  the  roots  of  a  large  tree.  He  reminds  us  that  Chamisso, 
the  distinguished  naturalist  who  accompanied  Kozebue,  aflirms,  that 
the  inhabitants  of  the  Itadack  archipelago,  a  group  of  lagoon  islands, 
ill  the  midst  of  the  Pacific,  obtained  stoneS  for  sharpening  their 
instruments  by  searching  the  roots  of  trees  which  are  cast  up  on 
the  beach. j" 

It  may  perhaps  be  objected,  that  a  similar  mo<lc  of  transport 
cannot  have  happened  in  the  cretaceous  sen,  because  fossil  wood  Is 
very  rare  in  the  chalk.  Nevertheless  wood  is  sometimes  met  with, 
nnd  in  the  same  parts  of  the  chalk  where  the  pebbles  are  found,  both 
in  soft  stone  and  in  a  silicified  state  in  Hints.  In  these  cases  it  has 
often  every  appearance  of  having  been  floated  from  a  distance,  being 
usually  pei-forated  by  boring-Bhelis,  such  as  tlie  Teredo  and  Fistulana.X 

The  only  other  mode  of  transport  which  suggests  itself  is  sea- 
weed. Dr.  lieck  informs  me,  that  in  the  Lym-Fiord,  in  Jutland, 
the  Fueiis  veiieulotui,  often  called  kelp,  sometimes  grows  to  the 
height  of  10  feet,  and  the  branches  rising  from  a  single  root  form 
a  cluster  several  feet  in  diameter.  When  tlie  bladders  are  distended, 
the  plant  becomes  so  buoyant  as  to  float  up  loose  stones  several 
inches  in  diameter,  and  these  are  often  thrown  by  the  warca  high 
up  on  the  beach.  The  Fucua  giganleut  of  Solandcr,  so  common  in 
Terra  del  Fuego,  is  said  by  Captain  Cook  to  attain  the  length  of  360 
feet,  although  the  Bt«m  is  not  much  thicker  than  t,  man's  thumb. 
It  is  often  met  with  floating  at  sen,  with  shells  attached,  several 
hundred  miles  from  the  spots  where  it  grew.  Some  of  these  plants,  says 
Mr.  Darwin,  were  found  adhering  to  large  loose  stones  in  the  inland 
channels  of  Term  del  Fuego,  during  the  voyage  of  the  Beagle  in 

•  Sec  Chapters  X  and  SI. 
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Gault.  It  consists  of  a  dark  blue  marl,  sometimes  intermixed  with 
greensand.  Many  peculiar  forms  of  cephalopoda,  such  as  the  Hamite 
(fig.  221.)  and  Scaphite^  with  other  fossils,  charactenze  this  forma- 
tion, which,  small  as  is  its  thickness,  can  be  traced  by  its  organic 
remains  to  distant  parts  of  Europe,  as,  for  example,  to  the  Alps. 

The  phosphate  of  lime,  found  lately  near  Farnham,  in  Surrey, 
in  such  abundance  as  to  be  used  largely  by  the  agriculturist  for 
fertilizing  soils,  occurs  exclusively,  according  to  Mr.  R.  A.  C.  Austen, 
in  the  upper  greensand  and  gault.  It  is  doubtless  of  animal  origin, 
and  partly  coprolitic,  probably  derived  from  the  excrement  of  fish. 

LOWKR  CRETACEOUS  DIVISION.     (No.  6.  Tab.  p.  209.) 

That  part  of  the  Cretaceous  series  which  is  older  than  the  Gault 
has  been  conmionly  called  the  Lower  Greensand.  The  greater 
number  of  its  fossils  are  specifically  distinct  from  those  of  the  upper 
cretaceous  system.  Dr.  Fitton,  to  whom  we  are  indebted  for  an 
excellent  monograph  on  this  formation  as  developed  in  England, 
gives  the  following  as  the  succession  of  rooks  seen  in  parts  of  Kent. 

No.  1.  Sand,  white,  yellowish,  or  ferraginoos,  with  concretions 

of  limestone  and  chert  -  -  ■  -  -  70  feet 

2.  Sand  with  green  matter  -  -  -  -  -  70  to  100  feet. 

3.  Calcareous  stone,  called  Kentish  rag       -  -  -  60  to  80  feet. 

In  his  detailed  description  of  the  fine  section  displayed  at  Ather- 
field,  in  the  south  of  the  Isle  of  Wight,  we  find  the  limestone  wholly 
wanting ;  in  fact,  the  variations  in  the  mineral  composition  of  this 
group,  even  in  contiguous  districts,  is  very  great ;  and  on  comparing 
the  Atherfield  beds  with  corresponding  strata  at  Hythe  in  Kent, 
distant  95  miles,  the  whole  series  has  lost  half  its  thickness,  and 
presents  a  very  dissimilar  aspect.* 

On  the  other  hand.  Professor  E.  Forbes  has  shown  that  when  the 
sixty -three  strata  at  Atherfield  are  severally  examined,  the  total 
thickness  of  which  he  gives  as  843  feet,  there  are  some  fossib  which 
range  through  the  whole  series,  others  which  are  peculiar  to  par- 
ticular divisions.  As  a  proof  that  all  belong  chronologically  to  one 
system,  he  states  that  whenever  similar  conditions  are  repeated  in 
overlying  strata  the  same  species  reappear.  Changes  of  depth,  or 
of  the  mineral  nature  of  the  bottom,  the  presence  or  absence  of  lime 
or  of  peroxide  of  iron,  the  occurrence  of  a  muddy,  or  a  sandy,  or  a 
gravelly  bottom,  are  marked  by  the  banishment  of  certain  species 
and  the  predominance  of  others.  But  these  difierences  of  conditions 
being  mineral,  chemical,  and  local  in  their  nature,  have  nothing  to 
do  with  the  extinction,  throughout  a  large  area,  .of  certain  animals  or 
plants.  The  rule  laid  down  by  this  eminent  naturalist  for  enabling 
us  to  test  the  arrival  of  a  new  state  of  things  in  the  animate  world, 
is  the  representation  by  new  and  difierent  species  of  corresponding 

*  Dr.  Fitton,  Quart  GeoL  Joum.  toL  l  showing  the  vertical  range  of  the  various 
p.  179.,  ii.  p.  55.,  and  iii.  p.  289.,  where  fossils  ofthe  lower  greensand  at  Atherfield 
comparative  sections  and  a  valuable  table    is  giyen. 
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gt'iiern  of  mollusen  or  otber  beings.  Tnien  the  forma  proper  to 
luoso  Blind  or  soft  clay,  or  a  stony  or  calcareous  bottom,  or  a  moderate 
or  n  great  depth  of  water,  recur  with  all  the  same  species,  the 
interval  of  time  has  been,  geologically  speaking,  small,  however 
Ounae  the  mnsa  of  mutter  accumulated.  But  if,  the  genera  remaining 
the  name,  the  species  are  changed,  we  have  entered  upon  a  new 
period  i  and  no  ^milarily  of  climate,  or  of  get^raphical  and  local 
conditions,  con  then  recall  the  old  species  which  a  long  series  of 
dealrui'tivu  causes  in  the  animate  nnd  inanimate  world  has  gradaally- 
aiinihiliilcd.  Un  pacing  from  the  lower  greensand  to  the  gault,  we 
auiliii'iily  reach  one  of  these  new  epochs,  scarcely  any  of  the  fossil 
B|)i>i'ie3  being  common  to  the  lower  and  upper  cretaceous  systems,  a 
break  in  the  chain  implying  no  doubt  many  mining  links  in  the  series 
of  geological  monuments  which  we  may  some  day  be  able  to  supply. 

One  of  the  largest  and  most  abundant  shells  in  the  lowest  strata 
of  the  lower  greensand,  as  displayed  in  the  Atherfield  section,  is 
the  large  Pema  malUii  of  which  a  reduced  figure  is  here  given 
(«g.  222.) 


Id  the  south  of  England,  during  the  occumulation  of  the  lower 
greensand  above  described,  the  bed  of  the  sea  appears  to  have  been 
continually  sinking,  from  the  commencement  of  the  period,  when  the 
freshwater  Wealden  beds  were  submerged,  to  the  deposition  of  those 
strata  on  which  the  gault  immediately  reposes. 

Pebbles  of  quartzose  sandstone,  jasper,  nnd  flinty  slate,  together 
with  grains  of  chlorite  and  mica,  speak  plainly  of  the  nature  of  the 
pre-existing  rocks,  from  the  wearing  down  of  which  the  greensand 
beds  were  derived.  The  land,  consisting  of  such  rocks,  was  doubtless 
submerged  before  the  origin  of  the  white  chalk,  as  corals  can  only 
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multiply  in  the  clear  waters  of  the  sea  in  spaces  to  which  no  mud  or 
sand  are  conveyed  by  currents. 


Fig.  223. 


HIPPURITE   LIMESTONE. 

Difference  between  the  chalk  of  the  north  and  south  of  Europe.  — 
By  the  aid  of  the  three  tests  of  relative  age,  namely  superposition, 
mineral  character,  and  fossils,  the  geologist  has  been  enabled  to  refer 
to  the  same  Cretaceous  period  certain  rocks  in  the  north  and  south  of 
Europe,  which  differ  greatly,  both  in  their  fossil  contents  and  in 
their  mineral  composition  and  structure. 

If  we  attempt  to  trace  the  cretaceous  deposits  from  England  and 
France  to  the  countries  bordering  the  Mediterranean,  we  perceive, 
in  the  first  place,  that  the  challc  and  greensand  in  the  neighbour- 
hood of  London  and  Paris  form  one  great  continuous  mass,  the  Straits 
of  Dover  being  a  trifling  interruption,  a  mere  valley  with  chalk  cliffs 
on  both  sides.  We  then  observe  that  the  main  body  of  the  chalk 
which  surrounds  Paris  stretches  from  Tours  to  near  Poitiers  (see  the 
annexed  map,  fig.  223.,  in  which  the 
shaded  part  represents  chalk). 

Between  Poitiers  and  La  Rochelle, 
the  space  marked  A  on  the  map  sepa- 
rates two  regions  of  chalk.  This  space 
is  occupied  by  the  Oolite  and  certain 
other  formations  older  than  the  Chalk, 
and  has  been  supposed  by  M.  E.  de 
Beaumont  to  have  formed  an  island  in 
the  cretaceous  sea.  South  of  this  space 
we  again  meet  with  a  formation  which 
we  at  once  recognize  by  its  mineral 
character  to  be  chalk,  although  there 
are  some  places  where  the  rock  becomes 
oolitic.  The  fossils  are,  upon  the 
whole,  very  similar;  especially  certain 
species  of  the  genera  Spatangus,  Anan- 
chyteSy  CidariteSy  Nucufa,  Ostrea,  Gry* 
phcea  (^Exogt/ra),  Pecten,  Plagiostoma 
(Lima)y  Trigoniay  Catillus  (Inocera- 
mus),  and  Terebratula,"*     But  Ammo^ 

nites,  as  M.  d'Archiac  observes,  of  which  so  many  species  are  met 
with  in  the  chalk  of  the  north  of  France,  are  scarcely  ever  found 
in  the  southern  region;  while  the  genera  Hamite,  Turrilite,  and 
Scaphite,  and  perhaps  BelemnitCy  are  entirely  wanting. 

On  the  other  hand,  certain  forms  are  common  in  the  south  which 
are  rare  or  wholly  unknown  in  the  north  of  France.  Among  these 
may  be  mentioned  many  Ilippurites,  Sphtsrulites,  and  other  mem- 


♦  Archiac,  sur  la  Form.  Cretacee  du  S.  0.  de  la  France,  Mem.  de  la  Soc.  GeoL 
de  France,  torn.  ii. 
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form  of  the  interior,  are  wholly  unlike  the  hippurite  itself,  and  in 
some  individuals,  which  attain  a  great  size  and  length,  are  very  con- 
spicuous. 

Between  the  region  of  chalk  last  mentioned  in  which  Perigueux 
is  situated,  and  the  Pyrenees,  the  space  B  intervenes.  (See  Map, 
p.  221.)  Here  the  tertiary  strata  cover,  and  for  the  most  part  con- 
ceal, the  cretaceous  rocks,  except  in  some  spots  where  they  have 
been  laid  open  by  the  denudation  of  newer  formations.  In  these 
places  they  are  seen  still  preserving  the  form  of  a  white  chalky  rock, 
which  is  charged  in  part  with  grains  of  green  sand.  Even  as  far 
south  as  Tercis,  on  the  Adour,  near  Dax,  where  I  examined  them  in 
1828,  the  cretaceous  rocks  retain  this  character.  In  that  region 
M.  Grateloup  has  found  in  them  Ananchytes  ovata  (fig.  212.),  and 
other  fossils  of  the  English  chalk,  together  with  Hippurites* 

FLORA  OF   THE   CRETACEOUS  PERIOD. 

Although  the  fossil  plants  of  the  Cretaceous  era  at  present  known 
are  few  in  number,  the  rocks  being  principally  marine,  they  suffice, 
according  to  M.  Ad.  Brongniart,  to  show  a  transition  character 
between  the  vegetation  of  the  secondary  and  that  of  the  tertiary 
formations.  The  tertiary  strata,  when  compared  to  the  older  rocks, 
are  marked  by  the  predominance  of  Exogens,  which  now  constitute 
three-fourths  of  the  living  plants  of  the  globe.* 

These  exogens  are  wanting  in  the  secondary  strata  generally,  but 
in  the  Cretaceous  period  they  equal  in  number  the  Gymnogens  (  ConU 
fercB  and  CycadecB)  which  abounded  so  much  in  the  preceding  Oolitic 
period,  and  disappeared  before  the  Eocene  rocks  were  formed.f  The 
discovery  of  a  tree-fern  in  the  ferruginous  sands  of  the  Lower  Cre- 
taceous group  of  the  department  of  Ardennes  in  France  is  one  of 
many  signs  of  the  contrast  of  the  flora,  and  doubtless  of  the  climate, 
of  this  era  with  that  of  the  Pliocene  and  Modem  periods. 

*  In  this  and  subsequent  remarks  on  fossil  plants  I  shall  often  use  Dr.  Lindlcy*s 
terms,  as  most  familiar  in  this  country ;  but  as  those  of  M.  A.  Bronf^niart  are  much 
cited,  it  may  be  useful  to  geologists  to  give  a  table  explaining  the  corresponding 
names  of  groups  so  much  spoken  of  in  palaeontology. 

Brongniart.  Lindley. 

1.  Cryptogamous     am-  Thallogens.  Dchens,  sea -weeds,  fungu 
phigens,  or  cellular 
cryptogamic. 

2.  Cryptogamous   aero-  Acrogens.  Mosses,  eqnisetums,  ferns,  lyco- 
gens.  podioms — Lepidodendron. 

3.  Dicotyledonous  gym-        Gymnogens.         Conifers  and  Cycads. 
nosperms. 

4.  Dicot.  Angiosperras.         Exogens.  Compositae,  leguminosos,  nmbel- 

lifersB,  crucifeiTD,  heaths,  &c. 
All  native  European  trees  ex- 
cept conifers. 

5.  [Monocotyledons.  Endogens.  Palms,     lilies,     aloes,     mshcs, 

grasses,  &c. 

f  A.  Brongniart,  Vcget  Foss.  Diet  Univ.  p.  111.  1849. 
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English  and  French  Jam  than  anj  other  secondary  deposit  o£  the 
Old  World. 

At  the  base  of  the  system  in  Alabama  I  found  dense  masses  of 
shingle,  perfectly  loose  and  unconsolidated,  derived  from  the  waste 
of  paleozoic  (or  carboniferous)  rocks,  a  mass  in  no  way  distinguish- 
able, except  by  its  position,  from  ordinary  alluTium,  but  covered  with 
marls  abounding  in  Inocerami. 

In  Texas,  according  to  F.  Romer,  the  chalk  assumes  a  new  litho- 
logical  type,  a  large  portion  of  it  consisting  of  hard  siliceons  lime- 
stone, but  the  organic  remains  leaving  no  doubt  in  regard  to  its  age. 

Ill  South  America  the  cretaceous  strata  have  been  discovered  in 
Columbia,  as  at  Bc^ota  and  elsewhere,  containing  Ammonites,  Ha- 
mites,  Inocerami,  and  other  characteristic  shells.* 

In  ihe  South  of  India,  also,  at  Fondicherry,  Vcrdachellum,  and 
Trinconopoly,  Messrs.  Knye  and  Egerton  have  collected  fossils  be- 
longing to  the  cretaceous  system.  Taken  in  connection  with  those 
from  the  United  Slates  they  prove,  says  Prof.  E.  Forbes,  that  those 
{lon-crful  causes  which  stamped  a  peculiar  character  on  the  forms  of 
marine  animal  life  at  this  period,  exerted  their  full  intensity  through 
the  Indiun,  European,  and  American  Beas.|  Here,  as  in  North  and 
South  America,  the  cretoceous  character  can  be  recognized  even  where 
there  is  no  specific  identity  in  the  fossils ;  and  the  same  may  be  said 
of  the  OTganie  type  of  those  rocks  in  Europe  and  India  which  succeed 
next  in  the  ascending  and  descending  order,  the  Eocene  and  the 
Oolilic. 


CHAPTER  XVIII. 

WEALDEN  GSO0P. 

The  WcQlilfn  diTisiblc  into  Weald  Clay,  Hastings  Sand,  and  Purbcck  Beds— la 
tcn'iiliiltirt  Ijciwren  two  luirino  furmations — Weuld  clay  and  Cj-pris-bcaring 
strata— Ignnnodon  —  IInslinge  sands— Fossil  fish  — Strata  formed  in  ehallon" 
watiT — Brackish  watcr-bcils  —  Upper,  middle,  and  lower  Purbeck  —  AltcrnniioDs 
of  l)rackish  wnlcr,  rreshwatcr,  and  land  —  Dirt-liod,  or  ancient  siiil — Distinct 

species  It!  fuseils  in  each  BiiMivieion  iif  the  Wcaliien — Lnpiw  of  titno  inipiicd 

I'lnnts  und  iosccis  of  Wcslden  —  Gcogmphicul  extent  of  WenlJcn- Its  relation 
to  the  cretnccoiis  anil  oolitic  periods — Movements  iu  the  earth's  crust  to  wliieh  it 
oncd  its  urigiu  and  submer^^euee. 

nENEATti  the  cretaceous  rocks  in  the  S.  E.  of  England,  a  freshwater 
formation  is  found,  called  the  Wcalden  (see  Nos.  5  and  6.  Map, 
p.  242.),  which,  although  it  occupies  a  small  horizontal  area  in 
Europe,  as  compared  to  the  chalk,  is  nevertheless  of  great  geological 
interest,  not  only  from  its  position,  as  being  interpoktcd  between 

•  Proceed.  GetJ.  Soc.  iv.  p,391.  f  See    Forbes,    Qnait  GcoL   Journ. 
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two  r^a:  ziarlr*  f:r=:a:z:c*    Xie.  T.  in  i  9.  TiSke,  p^  103. \  hmt  mbi 

ill  crjij::o  L:«t.  rrr-3;:r'i  i-r!-z  :i*  i<:t::i=::ilu>:a.  b  it  CQiiL{^>sed  ol 
three  ci^-.r  diTii:::i5.  ihe  W^jui  C j.j.  ti-z  ELkscixin.  and  thie  Puibeei 
Beiis-  of  t1::L   ih-*  irrrH-ri:^  :L::JL=.e5<i  in  i*:tzie  dutricis  nnT  be 

7W  or  S'.O  r'-rt:;  bi's  wrici.  iriili  b«=  zi*«:h.  &:r*  ciMisderable,  vere 
we  to  a-ii  :i>g-::Ler  :i-c  -rirr^izir  iLIii^-rae  i»^^3ir>^  bj  each  q£  them 
in  their  fuUr^t  deT^Iiczi^i:- 

TLe  oonnnon  nizir  •:i  W^al-i-r-  wis  g-Iven  to  iii<  vbole^  becaaae 
it  was  £rst  stuii-r^i  :::  p^ir:*  c:  Kr:z,z,  S^mj.  ml  Sofsex,  called  the 
WeiJd  5^e  iLip.  p.  i;-t2.  -  ani  t^  ir»r  iid-biei  to  Dr.  Hantell  for 
LavinsT  •hown,  in  1S22.  in  l1*  Geiil-^rr  of  Sussex,  that  the  whole 
group  was  of  tiuviatile  orijin.  In  po>:t  of  this  he  called  attentioa  to 
the  eutire  absence  of  Ammonircs.  Br I-ezi sices.  Ter^bratnls.  Echinhes^ 
Corals,  and  oth-^r  marine  f os^ibw  in  the  cr^tace«:>a«  rocks  above,  and 
in  the  Oolitic  strata  below,  and  to  the  pre?en*:e  of  Paladins.  Melanhe^ 
and  Tarious  fluviatile  shelU,  as  well  as  the  bones  of  terrestrial  leptiks 
and  the  trunks  and  leaves  o:  Lin  I  pLinti. 
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Pusitioa  of  the  V^caidtz.  between  :«o  mariae  fonutioai. 


The  evidence  of  so  unexpected  a  fact  as  the  infra-position  of  a 
dense  mass  of  purely  freshwater  origin  to  a  deep-sea  deposit  fa  phe- 
nomenon with  which  we  have  since  become  familiar,  in  other  chapters 
of  the  earth's  autobiography!,  was  received,  at  first,  with  no  small 
doubt  and  incredulity.  But  the  relative  position  of  the  beds  is  un- 
equivocal ;  the  Weald  Clay  being  distinctly  seen  to  pass  beneath  the 
Greensand  in  various  parts  of  Surrey,  Kent,  and  Sussex;  and  if  we 
proceed  from  Sussex  westward  to  the  Vale  of  Wardour,  we  there 
again  observe  the  same  formation,  or,  at  least,  the  lower  division  of 
it,  the  Purbeck,  occupying  the  same  relative  position,  and  resting  on 


Fig.  K"*. 
Vslc  of  Wuiauf.  M'iltM.  Hanu. 


WtrAlJcn.  W( 

O,  Oulite.    G.  Sm  Green- Sujd,  or  Lover  Cretaceous. 

the  Oolite  (see  fig.  228).  Or  if  we  pass  from  the  base  of  the  South 
Downs  in  Sussex,  and  cross  to  the  Isle  of  Wight,  we  there  again 
meet  with  the  Wealden  series  reajipearing  beneath  the  Greensand, 
and  cannot  doubt  that  the  beds  are  prolonged  subterraneously,  as  in- 
dicated by  the  dotted  lines  in  fig.  229. 


Ch.  XVIII.]  WEALD  CLAY.  227 

Fig.  »9. 

lalcofWlsht.  Hants.  Somcs. 


The  minor  groups  into  which  the  Wealden  has  been  commonly 
divided  in  England  are,  as  before  stated,  three,  and  thej  succeed  each 
other  in  the  following  descending  order*:  — 

Thickness. 
Ist.  Weald  Clay,  sometimes  inclading  thin  beds  of  sand  and 

shellj  limestone  ------     140  to  280  ft. 

2d.  Hastings  Sand,  in  which  occur  some  clajs  and  calcareous 

grits        -------     400  to  500  ft. 

3d.  Purbeck  Beds,  consisting  of  various  kinds  of  limestones  and 

marls      -------     150  to  200  ft. 

TFeald  Clay. 

The  first  division,  or  Weald  Clay,  is  of  purely  freshwater  origin. 
The  uppermost  beds  are  not  only  conformable,  as  Dr.  Fitton  observes, 
to  the  inferior  strata  of  the  Lower  Greensand,  but  of  similar  mineral 
composition.  To  explain  this,  we  may  suppose,  that  as  the  delta  of 
a  great  river  was  tranquilly  subsiding,  so  as  to  allow  the  sea  to  en- 
croach upon  the  space  previously  occupied  by  freshwater,  the  river 
still  continued  to  carry  down  the  same  sediment  into  the  sea.  In 
confirmation  of  this  view  it  may  be  stated,  that  the  remains  of  the 
Iguanodon  Mantelli^  a  gigantic  terrestrial  reptile,  very  characteristic 
of  the  Wealden,  has  been  discovered  near  Maidstone,  in  the  overlying 
Kentish  rag,  or  marine  limestone  of  the  Lower  Greensand.  Hence 
we  may  infer  that  some  of  the  saurians  which  inhabited  the  country 
of  the  great  river  continued  to  live  when  part  of  the  country  had 
become  submerged  beneath  the  sea.  Thus,  in  our  own  times,  we 
may  suppose  the  bones  of  large  alligators  to  be  frequently  entombed 
in  recent  freshwater  strata  in  the  delta  of  the  Ganges.  But  if  part 
of  that  delta  should  sink  down  so  as  to  be  covered  by  the  sea,  marine 
formations  might  begin  to  accumulate  in  the  same  space  where  fresh- 
water beds  had  previously  been  formed ;  and  yet  the  Ganges  might 
still  pour  down  its  turbid  waters  in  the  same  direction,  and  carry 
seaward  the  carcasses  of  the  same  species  of  alligator,  in  which  case 
their  bones  might  be  included  in  marine  as  well  as  in  subjacent  fresh- 
water strata. 

The  Iguanodon,  first  discovered  by  Dr.  Mantell,  has  left  more  of 
its  remains  in  the  Wealden  strata  of  the  south-eastern  counties,  and 
Isle  of  Wight,  than  any  other  genus  of  associated  saurians.  It  was 
an  herbivorous  reptile,  and  regarded  by  Cuvier  as  more  extraordinary 
than  any  with  which  he  was  acquainted ;  for  the  teeth,  though  bearing 
a  great  analogy  to  the  modem  Iguanas  which  now  frequent  the  tro- 
pical woods  of  America  and  the  West  Indies,  exhibit  many  striking 
and  important  differences  (see  ^g.  230.).     It  appears  that  they  have 

*  Dr.  Fitton,  GeoL  Trans,  vol  iv.  p.  320.    Second  Series. 
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been  worn  hy  mastication ;  whereas  the  existing  herbivorons  reptiles 
clip  and  gnaw  off  the  vegetable  productions  on  which  they  feed,  but 
do  not  chew  them.  Their  teeth,  when  worn,  present  an  appearance 
of  having  been  chipped  off,  and  never,  like  the  foasil  teeth  of  the 
l^uonodon,  have  a  flat  ground  surface   (see  fig.  231.),  reBembling 


Teelh  of  IgiunodoD, 


the  grinders  of  herbivorous 

f  mammalia.        Dr.    Man  tell 

computes  that  the  teeth  and 
bonea  of  this  animal  which 
_  have  passed  nnder  his  ex- 

iSff^tO^         aminetion   during  the   last 
K^^^^^Sf         twent;r  years,  must  have  be- 
^^^^^^^         duals ;  varying  in  age  and 
^inimii'^iMMt/iJ""*  ■"ndoi^(M»n'tt"i!i    magnitude  from  the  reptile 

just  burst  from  the  egg,  to 
one  of  which  the  femur  measured  24  iaches  in  circumference.  Yet 
notwithstanding  that  the  teeth  were  more  numerous  than  any  other 
hones,  it  is  remarkable  that  it  was  not  till  the  relics  of  all  these  indi- 
viduals had  been  found,  that  a  solitary  example  of  part  of  ajaw-bone 
was  obtained.  More  recently  remains  both  of  the  upper  and  lower 
jaw  have  been  met  with  in  the  Hastings  Beds  in  Tilgate  Forest. 
Their  size  was  somewhat  greater  than  had  been  anticipated,  and  even 
allowing  that  the  tail  was  short,  which  Professor  Owen  infers  froni 
the  short  bodies  of  the  caudal  vertebne,  l>r.  Mantell  estimates  the 
probable  length  of  some  of  these  saurians  at  between  30  and  40  feet. 
The  largest  femur  yet  fouod  measures  4  feet  8  inches  in  length,  the 
circumference  of  the  shaft  being  25  inches,  and  round  the  condyles 
42  inches. 

Occasionally  bands  of  limestone,  called  Sussex  Marble,  occur  in 
the  Weald  Clay,  slmoat  entirely  composed  of  a  species  of  Paludina 
closely  resembling  the  common  P.  vivipara  of  English  rivers. 

Shells  of  the  CyprU,  an  animal  allied  to  the  Crustacea,  and  before 
mentioned  (p.  31.)  as  abounding  in  lakes  and  ponds,  are  also  plenti- 

Fla,  83».  Fig.  533.  Fig.  431. 


fully  scattered  through  the  clays  of  the  Wealden, 
sometimes  producing,  like  the  plates  of  mica,  a 
thin  lamination  (see  fig.  23^.).  Simitar  cypri- 
ferous  marls  are  found  in  the  lacustrine  tertiary 
beds  of  Auvergne,  and  in  recent  deposits  of  shell- 
marL 
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Hasting*  Sands. 

This  middle  divinon  of  the  Wealden  consists  of  sand,  calciferoua 
grit,  claj,  and  shale;  the  argillaceous  strata,  notwithstanding  the 
name,  being  nearly  in  the  same  proportion  as  the  arenaceous.  The 
calcareous  sandstone  and  grit  of  Tilgate  Forest,  near  Cucktield,  in 
which  the  remains  of  the  Iguanodon  and  Hyleosaurus  were  first 
found,  constitute  sn  upper  member  of  this  formation.  The  white 
"  sand-rock "  of  the  Hastings  cliffs,  about  100  feet  thick,  is  one  of 
the  lower  members  of  the  same.  The  reptiles,  which  are  very  abund- 
ant in  it,  consist  partly  of  saurians,  already  referred  by  Owen  and 
Mnntell  to  eight  genera,  among  which,  besides  those  already  enume- 
rated, we  find  the  Megalosaurus  and  Pleaiosaurus.  Tlie  Pterodactyl, 
also  a  flying  reptile,  is  met  with  in  the  same  strata,  and  many  re- 
mains  of  Testudinata  of  the  genera  Trionyx  and  EmySf  now  confined 
to  tropical  regions. 

The  fishes  of  the  Wealden  belong  partly  to  the  genera  Pycnodut 
and  Hybodus  (see  figure  of  genua  in  Chapter  XXL),  forms  common 
to  the  Wealden  and  Oolite  ;  but  the  teeth  and  scales  of  a  species  of 
Lepidotus  are  most  widely  diffused  (see  fig.  236.).    The  general  form 


of  these  fish  was  that  of  the  carp  tribe,  although  perfectly  distinct  in 
anatomical  character,  and  more  allied  to  the  pike.  The  whole  body 
was  covered  with  large  rbomboidal  scales,  very  thick,  and  having 
the  exposed  part  covered  with  enameL  Most  of  the  species  of  this 
genus  are  supposed  to  have  been  either  river  fish,  or  inhabitants  of 
the  coasts,  having  not  sufficient  powers  of  swimming  to  advance  into 
the  deep  sea. 

The  shells  of  the  Hastings  beds  belong  to  the  genera  Afelanopsii, 

Melania,  Paludina,  Cyrena,  Cyclas,  Unio,  and  others,  which  inhabit 

rivers  or  lakes  ;    but   one   band   has 

Fig.  MT.  been  found  in  Dorsetshire  indicating 

a  brackish  state  of  the  water,  and,  in 

some  places,  even  a  saltness,  like  that 

of  the  sea.  where  the  genera  Corbula 

_  (see  fig.  237.),  Mytiius,  and   Ostrea 

c«>»4.  .A.M.  nnon.  H.Mp,LE«i.       o«cur.     At   difierent    heights  in   the 

Hastings  Sand,  in  the  middle  of  the 

Wealden,  we  find  again  uni  again  slabs  of  eaodstone  with  a  strong 
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ripple-mark,  and  between  these  slabs  beds  of  claj  many  yards  thick. 
In  some  places,  as  at  Stammerbam,  near  Horsham,  there  are  indi- 
cations of  this  clay  having  been  exposed  so  as  to  dry  and  crack  be- 
fore the  next  layer  was  thrown  down  upon  it.  The  open  cracks  in 
the  clay  have  served  as  moulds,  of  which  casts  have  been  taken  in 
relief,  and  which  are,  therefore,  seen  on  the  lower  surface 
aandstone  (see  fig.  238.). 


the 


F\g.tS3. 


UndenJde  of  ilib  of  luiditoDf 

Near  the  same  place  a  reddish  sandstone  occurs  in  which  nr«  in- 
numerable traces  of  a  fossil  vegetable,  apparently  SphenoplerU,  the 
stems  and  branches  of  which  are  dis- 
posed as  if  the  plants  were  standing 
erect  on  the  spot  where  they  originally 
f  grew,  the  sand  having  been  gently  de- 
posited upon  and  around  them;  and 
similar  appearances  have  been  re- 
marked in  other  places  In  this  forma- 
tion.* In  the  same  division  also  of 
the  Wealden,  at  Cuckfield,  is  a  bed 
ir  of  gravel  or  conglomerate,  consisting 
of  water-worn  pebbles  of  quai-tz  and 
jasper,  with  rolled  bones  of  reptiles. 
These  must  have  been  drilled  by  a  current,  probably  in  water  of  no 
great  depth. 

From  such  facts  we  may  infer  that,  notwithstanding  the  great 
thickness  of  this  division  of  the  Wealden  (and  the  same  observation 
applies  to  the  Weald  Clay  and  Purbeck  Beds),  the  whole  of  it  was 
a  deposit  in  water  of  a  moderate  depth,  and  often  extremely  shallow. 
This  idea  may  seem  startling  at  first,  yet  snch  would  be  the  natural 
consequence  of  a  gradual  and  continuous  sinking  of  the  ground  in 
an  estuary  or  bay,  into  which  a  great  river  discharged  its  turbid 
waters.  By  each  foot  of  subsidence,  the  fundamental  rock,  such  aa 
the  Portland  Oolite,  would  be  depressed  one  foot  farther  from  thQ 

*  HanteD,  Q«oL  of  S.  E.  of  England,  p.  an. 
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surface ;  but  the  bay  would  not  be  deepened,  if  newly  deposited  mud 
and  sand  should  raise  the  bottom  one  foot.  On  the  contrary,  such 
new  strata  of  sand  and  mud  might  be  frequently  laid  dry  at  low 
water,  or  overgrown  for  a  season  by  a  vegetation  proper  to  marshes. 

Purbeck  Beds, 

Immediately  below  the  Hastings  Sands  we  find  a  series  of  cal- 
careous slates,  marls,  and  limestones,  called  the  Purbeck  Beds, 
because  well  exposed  to  view  in  the  sea-clifis  of  the  Peninsula  of 
Purbeck,  especially  in  Durlestone  Bay,  near  Swanage.  They  may 
also  be  advantageously  studied  at  Lulworth  Cove  and  the  neigh- 
bouring bays  between  Weymouth  and  Dorchester.  At  Meup's  Bay 
in  particular.  Prof.  E.  Forbes  has  recently  examined  minutely  the 
organic  remains  of  the  three  members  of  the  Purbeck  group,  dis- 
played there  in  a  vertical  section  155  feet  thick.  To  the  information 
previously  supplied  in  the  works  of  Messrs.  Webster,  Fitton,  De  la 
Beche,  Buckland,  and  Mantell,  he  has  made  most  ample  and  import- 
ant additions,  so  that  it  will  be  desirable  to  give  them  at  some 
length,  it  appearing  that  the  Upper,  Middle,  and  Lower  Purbecks  are 
each  marked  by  peculiar  species  of  organic  remains,  these  again 
being  different,  so  far  as  a  comparison  has  yet  been  instituted,  from 
the  fossils  of  the  overlying  Hastings  Sands  and  Weald  Clay.  This 
result  cannot  fail  to  excite  much  wonder,  and  it  leads  us  to  suspect 
that  the  Wealden  period,  which  many  geologists  have  scarcely 
deigned  to  notice  in  their  classification,  may  comprehend  the  history 
of  a  lapse  of  time  as  great  as  that  of  the  Oolitic  or  Cretaceous  eras 
respectively.* 

Upper  Purbeck,  —  The  highest  of  the  three  divisions  is  purely 
freshwater,  the  strata,  about  50  feet  in  thickness,  containing  shells 
of  the  genera  Paludinay  Physa^  Lymneay  Planorhis^  Valvata^  Cyctas^ 
and  UniOf  with  cyprides,  and  fish. 

Middle  Purbeck.  —  To  these  succeed  the  Middle  Purbeck,  about 
30  feet  thick,  the  uppermost  part  of  which  consists  of  freshwater 
limestone,  with  cyprides,  turtles,  and  fish  of  different  species  from 
those  in  the  preceding  strata.  Below  the  limestone  are  brackish 
water-beds  full  of  Cyrena,  and  traversed  by  bands  abounding  in 
CorbulcB  and  Melanice.  These  are  based  on  a  purely  marine  deposit, 
with  Pecteriy  Modioloy  Avicula,  and  Tkracia,  all  undescribed  shells. 
Below  this,  again,  come  limestones  and  shales,  partly  of  brackish  and 
partly  of  freshwater  origin,  in  which  many  fish,  especially  species  of 
Lepidotus  and  Microdon  radiatus,  are  found,  and  a  reptile  named 
Macrorhyncus.  Among  the  moUusks,  a  remarkable  ribbed  Melanin 
of  the  section  Chilira,  occurs. 

Immediately  below  is  the  great  and  conspicuous  stratum,  12  feet 
thick,  long  familiar  to  geologists  under  the  local  name  of  *'  Cinder- 
bed,"  formed  of  a  vast  accumulation  of  shells  of  Ostrea  distorta 

*  **  On  the  Dorsetehlre  FnrbeckB,"  by  Ftof.  £.  Forbes,  Edlnb.  Brit  Aflioc.,  Aug. 
1850. 
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modern  forest.'t  The  carbonaceous  mutter  is  most  abuodant  im- 
mediateljr  around  the  Blumpe,  and  round  the  remains  of  fossil 
.  CycadeeB.^ 

Besides  the  upright  stumps  above  mentioned,  the  dirt-bed  contains 
tlie  stems  of  eilicified  trees  laid  prostrate.  These  are  partly  sunk 
into  the  black  earth,  and  partly  enveloped  by  a  calcareous  slate  nhich 
covers  the  dirt-bed.  The  fragments  of  the  prostrate  trees  are  rarely 
more  than  3  or  4  feet  in  length  ;  but  by  joining  many  of  them  toge- 
ther, trunks  have  been  restored,  having  a  length  from  the  root  to  the 
branches  of  from  20  to  23  feet,  the  stems  being  undivided  for  17  or 
20  feet,  and  then  forked.  The  diameter  of  these  near  the  roots  is 
about  1  foot.§  Root-shaped  cavities  were  observed  by  Professor 
ITenslow  to  descend  from  the  bottom  of  the  dii't-bed  into  (he  subja- 
cent freshwater  stone,  which,  though  now  solid,  must  have  been  in 
a  soft  and  penetrable  state  when  the  trees  grew.|| 

The  thin  layers  of  calcareous  slate  {fig.  242.)  were  evidently  de- 
posited tranquilly,  and  would  have  been  horizontal  but  for  the  pro- 


lowMt  fl^biraifr  iKdi  of  itaa  touM 


nbnd.  DorKt.    (BuckUndud  Dc  iiBache.; 


trusion  of  the  stumps  of  the  trees,  aroond  the  top  of  each  of  which 
they  form  hemispherical  concretions. 

•  See  Flindor'i  Towage.  |  BacUand  and  De  la  Beche,  0«ol. 

t  Mr.  WelMUir  flrat  noticed  the  erect  TiW,  Second  Series,  toL  iv,  p.  16.   Mr. 

poaition  of  the  trees  and  dMcribed  the  Forbes  has  aacertained  that  the  gahjacent 

Din-bed.  rock  ii  a  (reahwatcr  limeMono,  and  not  a 

J  FHKm,  QeoL  Tram.,  Seoond  Series,  portion  of  the  Ponland  oolite,  as  wm 

ToL  iv,  pp.  aao,  S21.  prerioualy  imagined. 


'£'M 


FOSSIL   FOREST. 


[Ch.  xvm. 


I  lii>  till  I  li«'l  !■«  )'/  no  merlins  coDnned  to  the  island  of  Portland, 
«vli>i'  it  I>*i4  iH-rri  irio'.t  caprfuUj  studied,  but  is  seen  in  the  same 
iiliiM\t.  |ir..:iti<iii  ill  ili»:  f^lifTs  ftEst  of  Lulworth  Cove,  in  Dorsetshire, 
,)  III  IK.  iKi  llii'  Rtiiitii  liavf:  1>c(;n  disturbed,  and  are  now  inclined  at  an 
„i,,ili.  Ill  ii'.  tlir  Mluiii|m  of  the  trees  are  also  inclined  at  the  same 
„ii|ili.  ill  Mil  i.|i|i.'i.it«*  <lin<*tion — a  beautiful  illustration  of  a  change 
li,  (In.  |MMiHiiii  vi  ImMh  origiimlly  horizontal  (see  ^g.  243.).     Traces 


Fig.  243. 


freshwater  calcareoui  slate, 
dirt-bed. 


ft'cthwatcr. 


IVrtljDd  itone,  marine. 


%*p-V= 


i  .v-i  .wHi  fJ  IV  U  B<<ch#.) 


» I 


vv  1  .'>.>v.-."*:d  by  l>r.  Buckland,  about  two 
0\:'  :•>     -,' .  Jfc'-d  by  Dr.  Fitton,  in  the 

>Vii5t ;  but,  as  might  be  ex- 


"S    * 


.',„  ;..  ;•  .;.;^  ?; 


:  ::r...:,v.  ?:x:c:it  when  compared  to 


,  ,t  .   i"  •!  m  H  l\' i*  ^ 


,       .....    .1,1-   uVove   •i-^.r:*!.  n,*   v,uy  i.-.ter,  first,   that  the 

.  «.    x.  oi  il.o  O/.::*:,  0;*::-;  -  :*iu  l\rlv...l,*  which  are  full  of 

,!i.  U;,  \\irv^  ov^^^:^•iui  ^;:h  ::.:\:a::*.c  :v.vA  which  became 

»  ^  I,..  I   .\xu\  *v\tr\\l  ly  a  :lrv5:.  :I.ro;:j;:.v  v.:  a  ivrtion  of  the  space 

ii,m,a1  bv  il:-.'  <  j::.  ^ :'  K-^'.ar.^   il.o  o'i::iASO  being  such  as 

,  .   „  )...•!    i!k-  i:i\nvi!i  o!*  iho  Z::ti,j  a:i-.i   (\*'«j..*.     -ily.   lliis   land 

.,  I  ....ii»  -..iMk  vK»\vii  :i:i-.I  was  sul-::ur.:«vl  w::h  its  tVn'sis  beneath  a 

I     1 1  ..I  In-  !»  xMiti'i',  from  wLioh  svdiir.ent  was  thrown  down  envelop- 

t,..,    iiiMiriiiK'  slu-U-*.     iniiy.  The  regular  aiul  uniiorm  prvservation 

\  ii.!.«  iliiii  hi'il  of  l»l:u'k  oarth  ovor  a  Jistanoe  of  many  miles,  shows 

it...i  (li.>  rlniiuM^  from  ilry  land  to  the  state  of  a  freshwater  lake  or 

.iM.iM.  wfii  no!  aorompaniod  bv  auv  violent  denudation,  or  rush  of 

mmi.i.  ciin'o  !l»o  Ioom*  bhu'k  earth,  together  with  the  trees  which  lay 

|.i.<oiiiiio  on  i\H  Nnrfao«\  must  inevitably  have  been  swept  away  had 

.Hit  oiii-ti  MoliMil  r.'itastroplie  thon  taken  place. 

I  lio  «liri  be»l  has  boon  deserihcd  above  in  its  most  simple  form, 
liiii  in  s»Mno  si'eiions  the  appearanoes  are  more  complicated.  The 
lon"4|  of  the  dirt -hod  was  not  evervwliere  the  first  vejretat ion  which 
jiiow  in  this  roj;i»m.  Two  other  beds  of  carbonaceous  clay,  one  of 
Ihriii  rontninini;  ( )/i*cf#/f'«r.  in  an  npriirlit  pvisition,  have  been  found 
hilnw  if.  find  one  ahovi»  it*,  which  implies  other  oscillations  in  the 
uf  tho  Nsuno  «: round,  and  its  alternate  occupation  by  hmd  and 
^"iliii'n  ihiin  once. 

•  E.  Forbes,  ibid. 
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Tctble  shounng 
formed,  from 
clusivcy  in  the 


1.  Marine 

2.  Freshwater 

3.  Freshwater 
Brackish 
Freshwater 

4.  Freshwater 

5.  Freshwater 
Brackish 
Marine 
Brackish 
Marine 
Freshwater 
Marine 


} 


the  changes  of  medium   in  which  the  strata  were 
the  Lower   Greensand  to  the  Portland  Stone  in* 
south-east  of  England. 

Lower  greensand. 
Weald  clay. 


Hastings  sand 
Upper  Purbeck. 

Middle  Purbeck. 


6.  Freshwater 
Brackish 
Land 
Freshwater 
Land  (dirt-bed) 
Freshwater 
Land 

Freshwater 
Land 
Freshwater 

7.  Marine 


►  Lower  Purbeck. 


Portland  stone. 


The  annexed  tabular  view  will  enable  the  reader  to  take  in  at  a 
glance  the  successive  changes  from  sea  to  river,  and  from  river  to 
sea,  or  from  these  again  to  a  state  of  land,  which  have  occurred  in 
this  part  of  England  between  the  Cretaceous  and  Oolitic  periods. 
That  there  have  been  at  least  four  changes  in  the  species  of  testacea 
during  the  deposition  of  the  Wealden,  seems  to  follow  from  the  ob- 
servations recently  made  by  Mr.  Forbes,  so  that,  should  we  hereafter 
find  the  signs  of  many  more  alternate  occupations  of  the  same  area 
by  different  elements,  it  is  no  more  than  we  might  expect.  Even 
during  a  small  part  of  a  zoological  period,  not  sufficient  to  allow  time 
for  many  species  to  die  out,  we  find  that  the  same  area  has  been  laid 
dry,  and  then  submerged,  and  then  again  laid  dry,  as  in  the  deltas  of 
the  Po  and  Ganges,  the  history  of  which  has  been  brought  to  light 
by  Artesian  borings.*  We  also  know  that  similar  revolutions  have 
occurred  within  the  present  century  (1819)  in  the  delta  of  the  Indus 
in  Cutchf,  where  land  has  been  laid  permanently  under  the  waters 
both  of  the  river  and  sea,  without  its  soil  or  shrubs  having  been 
swept  away.  Even,  independently  of  any  vertical  movements  of  the 
ground,  we  see  in  the  principal  deltas,  such  as  that  of  the  Missis- 
sippi, that  the  sea  extends  its  salt  waters  annually  for  many  months 
over  considerable  spaces,  which,  at  other  seasons,  are  occupied  bj 
the  river  during  its  inundations. 

It  will  be  observed  that  the  division  of  the  Purbecks  into  upper, 
middle,  and  lower,  has  been  made  bj  Mr.  Forbes,  strictly  on  the 
principle  of  the  entire  distinctness  of  the  species  of  organic  remains 
which  they  include.  The  lines  of  demarcation  are  not  lines  of  dis- 
turbance, nor  indicated  by  any  striking  physical  characters  or  mineral 
changes.  The  features  which  attract  the  eye  in  the  Purbecks,  such 
as  the  dirt-beds,  the  dislocated  strata  at  Lulworth,  and  the  Cinder- 
bed,  do  not  indicate  any  breaks  in  the  distribution  of  organized 
beings.  **  The  causes  which  led  to  a  complete  change  of  life  three 
times  during  the  deposition  of  the  freshwater  and  brackish  strata 
must,"  says  this  naturalist,  ''be  sought  for,  not  simplj  in  either  a 

*  See  Principles   of   GeoL,    8th  ed.        f  Ibid.  p.  443. 
pp.  260—268. 
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rapid  or  a  sudden  change  of  their  area  into  land  or  eea,  but  in  the 
great  lapse  of  time  which  intervened  between  tlie  epouha  of  deposition 
at  certain  periods  during  their  formation." 

Each  dirt-bed  may,  no  doubt,  be  the  memorial  of  many  thousand 
years  or  centuries,  because  we  find  that  2  or  3  feet  of  vegetable  soil 
is  the  only  monument  which  many  a  tropical  forest  has  left  of  its 
existence  ever  since  the  ground  on  which  it  now  stands  was  first 
covered  with  its  shade.  Yet,  eveu  if  we  imagined  the  fossil  soils  of 
the  Lower  Purbeck  to  represent  as  many  ages,  we  need  not  expect 
on  that  account  to  find  tliem  constituting  the  lines  of  separation 
between  successive  strata  characterized  by  different  zoological  types. 
The  preservation  of  a  layer  of  vegetable  soil,  when  in  the  act  of  bdng 
submerged,  must  be  regarded  as  a  rare  exception  to  a  general  rule. 
It  id  of  so  perishable  a  nature,  that  it  must  usually  be  carried  away 
by  tbe  denuding  waves  or  currents  of  the  sea  or  by  a  river;  and 
many  dirt-beds  were  probably  formed  in  succession,  and  annihilated 
in  tlie  Wealden,  besides  those  few  which  now  remain. 

The  plants  of  the  Wealden,  so  far  as  our  knowledge  extends  at 
present,  consist  chiefly  of  Ferns,  Coniferce  (see  fig.  244.),  and  Cycadeie, 
Fig,M4.  without   any  exogens ;   the  whole  more  allied  to 

the  Oolitic  than  to  the  Cretaceous  vegetation,  al- 
though some  of  the  species  seem  to  be  common  to 
the  chalk.  Both  the  vertebrate  and  invertebrate 
animals  indicate,  in  like  manner,  a  relationship  to 
both  these  periods,  tliough  a  nearer  affinity  to  the 
Oolitic.  Mr.  Brodie  has  found  tbe  remains  of 
beetles  and  several  insects  of  t)ie  homopterous  and 
Irichopterous  orders,  some  of  which  now  live  on 
th'Da^' T"''f'iK  plants,  like  those  of  the  Wealden,  wliile  othero 
Mgiutcii.  (iLiioD.)  hover pver  the  surface  of  our  present  rivers.  But 
no  bones  of  mammalia  have  been  met  with  among  those  of  land- 
reptiles.  Yet,  as  the  reader  will  learn,  in  Chapter  XX.,  that  the  relics 
of  marsupial  quadrupeds  have  been  detected  in  still  older  beds,  and, 
OS  it  was  so  long  before  a  single  portion  of  thejaw  of  an  iguanodon 
was  met  with  in  the  Tilgate  quarries  (see  p.  228.),  we  need  by  no 
means  despair  of  discovering  hereafYer  some  evidence  of  the  exist- 
ence of  warm-blooded  quadrupeds  at  this  era.  It  is,  at  least,  too 
soon  to  infer,  on  mere  negative  evidence,  that  the  mammalia  were 
foreign  to  this  fauna. 

In  regard  to  the  geographical  extent  of  the  Wealden,  it  cannot  be 
accurately  laid  down  ;  because  so  much  of  it  is  concealed  beneath 
the  newer  marine  formations.  It  has  been  traced  about  200  English 
miles  from  west  to  east,  from  Lulworth  Cove  to  near  Boulogne,  in 
France ;  and  about  220  miles  from  north-west  to  south-east,  from 
Whitchurch,  in  Buckinghamshire,  to  Beauvais,  in  France.  If  the 
formation  be  continuous  throughout  this  space,  which  is  very  doubt- 
ful, it  does  not  follow  that  the  whole  was  contemporaneous ;  because, 
in  all  likelihood,  the  physical  ge<^Taphy  of  the  region  underwent 
frequent  change  throughout  the  whole  period,  and  the  estuary  may 
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have  altered  its  form,  and  even  shifted  its  place.  Dr.  Dunker,  of 
Cassel,  and  H.  von  Meyer,  in  an  excellent  monograph  on  the  Weal- 
dena  of  Hanover  and  Westphalia,  have  shown  that  thej  correspond 
BO  closely,  not  only  in  their  fossils,  but  also  in  their  mineral  cha- 
racters, virith  the  English  series,  that  we  can  scarcely  hesitate  to 
refer  the  whole  to  one  great  delta.  Even  then,  the  magnitude  of  the 
deposit  may  not  exceed  that  of  many  modern  rivcrg.  Thus,  the 
delta  of  the  Quorra  or  Niger,  in  Africa,  stretches  into  the  interior 
for  more  than  170  miles,  and  occupies,  it  is  supposed,  a  space  of  more 
than  300  miles  along  the  coast,  thus  forming  a  surface  of  more 
than  25,000  square  miles,  or  equal  to  about  one  half  of  England.* 
Besides,  we  know  not,  in  such  cases,  how  fiir  the  fluviatile  sediment 
and  organic  remains  of  the  river  and  the  land  may  be  carried  out 
from  the  coast,  and  spread  over  the  bed  of  the  sea.  I  have  shown, 
when  treating  of  the  Mississippi,  that  a  more  ancient  delta,  including 
species  of  shells,  such  as  now  inhabit  Louisiana,  has  been  upraised, 
and  made  to  occupy  a  wide  geographical  area,  while  a  newer  delta  is 
forming^  ;  and  the  possibility  of  such  movements,  and  their  effects, 
must  not  he  lost  sight  of  when  we  speculate  on  the  origin  of  the 
Wealden. 

If  it  be  asked  where  the  continent  was  placed  from  the  ruins  of 
which  the  Wealden  strata  were  derived,  and  by  the  drainage  of 
whicli  a  great  river  was  fed,  we  are  half  tempted  to  speculate  on  the 
former  existence  of  the  Atlantis  of  Plato.  The  story  of  the  sub- 
mergence of  nn  ancient  continent,  however  fabulous  in  history,  must 
have  been  true  again  and  again  as  a  geological  event. 

The  real  difficulty  consists  in  the  persistence  of  a  large  hydro- 
graphical  basin,  from  whence  a  great  body  of  fresh  water  was  poured 
into  the  sea,  precisely  at  a  period  when  the  neighbouring  area  of  the 
Wealden  was  gradually  going  downwards  1000  feet  or  more  perpen- 
dicularly. U  the  adjoining  land  participated  in  the  movement,  how 
could  it  escape  being  submerged,  or  how  could  it  retain  its  size  and 
altitude  so  as  to  continue  to  be  the  source  of  such  an  inexhaustible 
supply  of  fresh  water  and  sediment?  In  answer  to  this  question, 
we  are  fairly  entitled  to  suggest  that  the  ni'ighbouring  land  may 
have  been  stationary,  or  may  even  have  undergone  a  contempora- 
neous slow  upheaval.  There  may  have  been  an  ascending  move- 
ment in  one  region,  and  a  descending  one  in  a  contiguous  parallel 
zone  of  country  ;  just  as  the  northern  part  of  Scandinavia  is  now 
rising,  while  the  middle  portion  (that  south  of  Stockholm)  is  un- 
moved, and  the  southern  extremity  in  Scania  is  sinking,  or  at 
least  has  sunk  within  the  historical  period.^  We  must,  ncvcrlheless, 
conclude,  if  we  adopt  the  above  hypothesis,  that  the  depression  of 
the  land  became  general  throughout  a  large  part  of  Europe  nt  the 
close  of  the  Wealden  period,  a  subsidence  which  brought  in  the  cre- 
taceous ocean. 

■  Fiicon,  Geol.  of  Hnstingg,  p.58.  i  }  See  the  Author's  Annircrs-Aildress, 
who  cites  Lander's  Tmvels.  Gcol   Soc.   1850,  Qoart.  Gcol.  Joiini. 

t  Sec  above,  p.  6.^.  1  BDd  Second  Yiait    vol  vi  p.  SS. 
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CHAPTER  XIX. 

DENUDATION  OF   THE   CHALK  AND  WEALDEN. 

Fhjsical  geography  of  certain  districts  composed  of  Cretaceous  and  Wcalden  strata 
— Lines  of  inlajid  chalk-cliffs  on  the  Seine  in  Normandy — Outstanding  pillars 
and  needles  of  chalk — Denudation  of  the  chalk  and  Wealden  in  Surrey,  Kent, 
and  Sussex — Chalk  once  continuous  firom  the  North  to  the  South  Downs — 
Anticlinal  axis  and  parallel  ridges — Longitudinal  and  transrerse  valleys — Chalk 
escarpments — Rise  and  denudation  of  the  strata  gradual — Ridges  formed  bj 
harder,  valleys  by  softer  beds  —  Why  no  alluvium,  or  wreck  of  the  chalk,  in  the 
central  district  of  the  Weald — At  what  periods  the  Weald  valley  was  denuded — 
Land  has  most  prevailed  where  denudation  has  been  greatest — Elephant  bed, 
Brighton. 

All  the  fossiliferous  formations  may  be  studied  by  the  geologist  in 
two  distinct  points  of  view :  first,  in  reference  to  their  position  in 
the  series,  their  mineral  character  and  fossils;  and,  secondly,  in 
regard  to  their  physical  geography,  or  the  manner  in  which  they  now 
enter,  as  mineral  masses,  into  the  external  structure  of  the  earth ;  form- 
ing the  bed  of  lakes  and  seas,  or  the  surface  and  foundation  of  hills 
and  valleys,  plains  and  table-lands.  Some  account  has  already  been 
given  on  the  first  head  of  the  Tertiary,  the  Cretaceous,  and  Wealden 
strata ;  and  we  may  now  proceed  to  consider  certain  features  in  the 
physical  geography  of  these  groups  as  they  occur  in  parts  of  England 
and  France. 

The  hills  composed  of  white  chalk  in  the  S.  R  of  England  have  a 
smooth  rounded  outline,  and  being  usually  in  the  state  of  sheep 
pastures,  are  free  from  trees  or  hedgerows ;  so  that  we  have  an  op- 
portunity of  observing  how  the  valleys  by  which  they  are  drained 
ramify  in  all  directions,  and  become  wider  and  deeper  as  they  descend. 
Although  these  valleys  are  now  for  the  most  part  dry,  except  during 
heavy  rains  and  the  melting  of  snow,  they  may  have  been  due  to 
aqueous  denudation,  as  explained  in  the  sixth  chapter ;  having  been 
excavated  when  the  chalk  emerged  gradually  from  the  sea.  This 
opinion  is  confirmed  by  the  occasional  occurrence  of  long  lines  of 
inland  cliffs,  in  which  the  strata  are  cut  off  abruptly  in  steep  and 
often  vertical  precipices.  The  true  nature  of  such  escarpments  is 
nowhere  more  obvious  than  in  parts  of  Normandy,  where  the  river 
Seine  and  its  tributaries  flow  through  deep  winding  valleys,  hollowed 
out  of  chalk  horizontally  stratified.  Thus,  for  example,  if  we  follow 
the  Seine  for  a  distance  of  about  30  miles  from  Andelys  to  Elboeuf, 
we  find  the  valley  flanked  on  both  sides  by  a  steep  slope  of  chalk, 
with  numerous  beds  of  flint,  the  formation  being  laid  open  for  a 
thickness  of  about  250  and  300  feet.  Above  the  chalk  is  an  over- 
lying mass  of  sand,  gravel,  and  clay,  from  30  to  100  feet  thick.  The 
two  opposite  slopes  of  the  hills  a  and  b,  where  the  chalk  appears  at 


IN  NOBBUNDT. 

FJ(.  MS. 


tbe  Burfa.ce,  are  from  2  to  4  miles  apart,  and  tliey  are  often  perfectly 
Bmootti  and  even,  like  the  steepest  of  our  donna  in  England  ;  but  at 
many  points  they  are  broken  by  one,  two,  or  more  ranges  of  vertical, 
and  eyea  OTerhaoging  clifis  of  bare  white  chalk  with  flints.  At  some 
points  detached  needles  and  pinnacles  stand  in  tbe  line  of  the  clifTs,  or 
in  front  of  them,  as  at  e,  fig.  245.  On  the  right  bank  of  the  Seine, 
at  Andelya,  one  range,  about  2  miles  long,  is  seen,  varying  from  50  to 
100  feet  ia  perpendicular  height,  and  having  its  continuity  broken  by 
a  number  of  dry  valleys  or  coombs,  in  one  of  which  occurs  a  detached 
rock  or  needle,  called  the  Tete  d'Homme  (see  figs.  246,  247.).  The 
top  of  this  rock  presents  a  precipitous  face  towards  every  point  of  the 
compass ;  its  vertical  height  being  more  than  20  feet  on  the  side  of 
the  downs,  and  40  towards  the  Seine,  the  average  diameter  of  the 
pillar  being  36  feet.  Its  composition  is  the  same  as  that  of  the  larger 
clifis  in  its  neighbourhood,  namely,  white  chalk,  having  occasionally 
a  crystaUine  texture  like  marble,  with  layers  of  flint  in  nodules  and 
tabular  masses.  The  flinty  beds  often  project  in  relief  4  or  5  feet 
beyond  tbe  white  chalk,  which  is  generally  in  a  state  of  slow  de- 
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composition,  either  exfoliating  or  being  covered  with  white  powder, 
like  the  chalk  clifla  on  the  English  coast ;  and,  as  in  them,  this  super- 
ficial powder  contains  in  some  places  common  salt. 

Other  cliff's  are  situated  on  the  right  bank  of  the  Seine,  opposite 
Tournedos,  between  Andelys  and  Pont  de  I'Arche,  where  the  preci- 
pices are  from  50  to  SO  feet  high:  several  of  their  summits  termiiiate 
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Lik«;  thof';  U:fore  descrilK:'],  it  has  an  irregular  surface,  often  oTer- 
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hanging,  and  with  beds  of  flint  projecting  sereral  feet.  Like  tbem, 
siso,  it  exhibits  a  white  powdery  Eurface,  and  connistB  entirely  of 
horiEontal  chalk  with  flints.  It  is  40  miles  inland,  ita  height,  in 
some  parts,  exceeding  200  feet,  and  its  base  only  a  few  feet  above  the 
level  of  the  Seine.  It  is  broken,  in  one  place,  by  a  pyramidal  mass  or 
needle,  200  feet  high,  called  the  Roche  de  Pignon,  which  stands  out 
about  25  feet  in  front  of  the  upper  portion  of  the  main  cliffs,  with 
which  it  is  united  by  a  narrow  ridge  about  40  feet  lower  than  ita 
summit  (see  Sg.  250.).     Like  the  detached  rocks  before  mentioned  at 

Fig.  UOl 

1 


Sonneville,  Vatteville,  and  Andelys,  it  may  be  compared  to  those 
needles  of  chalk  which  occur  on  the  coast  of  Normandy,  as  well  as  in 
the  Isle  of  Wight  and  in  Purbeck"  (see  ftg.  251.). 


The  foregoing  description  and  drawings  will  show,  that  the  evidence 
of  certsin  escarpments  of  the  chalk  having  been  originally  sea-cliffs, 
is  far  more  full  and  satisfactory  in  France  than  in  England.  If  it  be 
asked  why,  in  the  interior  of  our  own  country,  we  meet  with  no 
ranges  of  precipices  equally  vertical  and  overhanging,  and  no  isolated 
pillars  or  needles,  we  may  reply  that  the  greater  hardness  of  the 
chalk  in  Normandy  may,  no  doubt,  be  the  chief  cause  of  this  dif- 

*  An  acconnt  of  these  cli&g  wu  read  f  Seino-InieriBDre,  p.  14!.  and  pL  6. 
by  the  anthor  to  the  Biituh  Asaoc  mt    fig.  I. 
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ference.  But  (he  frequent  absence  of  ill  ragns  of  littoral  deniid&tioii 
in  the  Talleyof  (he  Seine  itself  is  a  negative  fact  of  afar  more  stnkii^ 
and  perplexing  character.  The  cliffy,  after  being  almost  continnoaa 
for  miles,  are  then  wholly  wanting  for  much  greater  ilinfnrrn,  being 
replace*!  hj  a  green  sloping  down,  altbongh  the  beds  remain  of  the 
same  composition,  and  are  equally  horizontal ;  and  althongfa  we  msj 
feel  assured  that  the  manner  of  the  apfaearal  of  the  land,  whetb^ 
intermittent  or  not,  must  have  been  tbe  same  at  those  intermediate 
points  where  no  cliffs  eust,  as  at  others  where  they  are  so  follj  de- 
veloped. But,  in  order  to  explain  such  apparent  anomaliea,  the 
reader  must  refer  ^ain  to  tbe  theory  of  denudation,  as  ezpoanded  ia 
the  6lh  chapter;  where  it  was  shown,  first,  that  the  nndermining 
force  of  the  wares  and  marine  currents  varies  greatly  at  diflferent 
parts  of  evt-rj  coa^ ;  secondly,  that  precipitous  rocks  have  crften  de- 
comptosed  and  crumbled  down ;  and  thirdly,  that  many  terrmces  and 
small  cliffy  may  now  lie  concealed  beneath  a  talos  of  detrital  matter. 
DeHHdation  of  lie  ff'eaid  Valley. — So  district  is  better  fitted  to 
iUnslrate  the  manner  in  which  a  great  series  of  strata  may  have  been 
upheaved  and  gradoally  denuded  than  the  countiy  intervening  be- 
tween the  Korth  and  South  Downs.  This  region,  of  which  a  gronnd 
plan  is  given  in  the  accompanyii^  map  (fig.  2o2.),  comprises  within 
it  the  whole  of  Sussex,  and  parts  of  the  counties  of  Kent,  Snrrej', 
and  Ilamiishire.  The  space  in  which  the  formations  older  than  the 
VThite  Chttlk,  or  those  from  the  Ganlt  to  the  Hastings  sand  inclo' 
aivtv  crop  out,  is  bounded  everywhere  by  a  great  escarpment  of 
chalk,  which  is  continued  on  the  opposite  side  of  the  channel  in  the 
Bms  Biiulonnais  iu  France,  where  it  forms  the  semidrealar  boan- 
dnry  of  a  tract  in  which  older  strata  also  appear  at  the  surface.  The 
whtklo  of  this  district  may  therefore  be  conddered  geolt^cally  aa 
o»t>  and  the  : 
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The  space  here  inclosed  within  the  escarpment  of  the  chalk  affords 
an  example  of  what  has  been  sometimes  called  a  "  valley  of  eleva- 
tion "  (more  properly  "  of  denudation  **) ;  where  the  strata,  partially 
removed  by  aqueous  excavation,  dip  away  on  all  sides  from  a  central 
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empty  themselves  into  the  eea  by  Romney  Mareh  and  Fevensey 
Levels," 

Mr.  Martin  has  suggested  that  the  great  cross  fractures  of  tho 
chalk,  which  have  become  river  chaanels,  have  r  remarkable  covre- 
spondence  on  each  aide  of  the  valley  of  the  Weald  ;  in  several  instances 
the  gorges  in  the  North  and  South  Downs  appearing  to  bo  directly 
opposed  to  each  other.  Thua,  for  example,  the  defiles  of  the  Way 
in  the  North  Downs,  and  of 
the  Arun  in  the  South,  seemed 
i  to  coincide  in  direction ;  and, 
^  in  like  manner,  the  Ouse  cor- 
e  S  responds  to  the  Darent,  and  the 
Cuckmere  to  the  Medway.f 

Although  these  coincidences 
may,  perhaps,  be  accidental,  it 
b  by  no  means  improbable,  as 
hinted    by   the   author   above 
mentioned,  that  great  amount 
of  elevation  towards  the  centre 
of  the  Weald  district  gave  rise 
to  transverse  fissures.      And 
as    the    longitudinal    valleys 
were  connected  with  that  li- 
near movement  which  caused 
the    anticlinal    lines    running 
east  and  west,  so  the  cross  fis- 
sures might  have  been  occa- 
sioned  by  the  intensity  of  the 
upheaving  force  towards   the 
centre  of  the  line- 
But  before  treating  of  the 
manner  in  which  the  upheav- 
ing movement  may  have  acted, 
I  shall  endeavour  to  make  the 
reader    more    intimately    ac- 
'c  ^    quainted  witli  the  leading  geo- 
I  i    graphical  features  of  the  dis- 
|s    trict,   so   far  as   they  are  of 
i  ^   geological  interest 
%  %        In  whatever    direction   we 
;  ^    travel  from  the  tertiary  strata 
r  3    of  the  basins  of  London  and 
I  S    Hampshire  towards  the  valley 
^  J    of  the  Weald,  we  frst  ascend  • 
^    slope    of   white    chalk,    with 
^    flints,  and  then  find  ourselves 
t     on  the  summit  of  a  declivity 
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IMA  the  %dme  line  cf  heights  prolonged.  Eren  those  who  are  not 
a/!:cf»t//med  to  speetilate  on  the  fomier  changes  which  the  snrfiMe  has 
ond^^gr/rte  maj  fancj  the  broad  and  level  plain  to  resemhle  the  flat 
sandi  which  were  laid  ^ry  hj  the  receding  tide,  and  the  different 
\trtf}9yt^iu%  nuMitai  of  chalk  to  be  the  headlands  of  a  coast  which 
t^rtirtkUA  the  different  bajs  from  each  other. 

In  rt^tiT*\  to  the  transverse  Tallejs  before  mentioned,  as  intersect- 
ing the  chalk  hills,  some  idea  of  them  may  be  derifed  from  the  snb- 
yAw'A  nVcMh  (fig,  2«57.)y  of  the  gorge  of  the  riTcr  Ador,  taken  from 
the  summit  of  the  chiUk  downs,  at  a  point  in  the  bridle-waj  leading 
friftu  the  towns  of  Bramber  and  Stejning  to  Shorehanu  If  the 
rea/ler  will  refer  again  to  the  view  given  in  a  former  woodcut 
(ffg«  'Zoo,  p«  24^.),  he  will  there  see  the  exact  point  where  the  gorge 
of  which  I  am  now  sf>eaking  interrupts  the  chalk  escarpment.  A 
frrojifctin^  hill,  at  the  point  a,  hides  the  town  of  Stejning,  near 
which  tfie  valley  commences  where  the  Adur  passeu  directly  to  the 
sea  at  i)\i\  Hhoreham.     The  river  ffows  through  a  nearly  level  plain. 
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as  do  most  of  the  others  which 
intersect  the  failb  of  Surrey, 
Kent,  and  Sussex;  and  it  is 
evident  that  these  openings,  so 
far  at  least  as  they  are  due  to 
aqueous  erosion,  have  not  been 
produced  by  the  rivers,  many 
of  which,  like  the  Ouae  near 
Lencs,  have  filled  up  arms  of 
the  sea,  instead  of  deepening 
the  hoUowswhich  they  traverse. 
Now,  in  order  to  account  for 
the  manner  in  which  the  five 
groups  of  strata,  2, 3, 4, 5,  6,  re- 
presented in  the  map,  fig.  252. 
and  in  the  section  fig.  253^ 
may  have  been  brought  into 
their  present  position,  the  fol- 
lowing hypothesis  has  been  very 
generally  adopted :  —  Suppose 
the  five  formations  to  lie  in 
horizontal  stratification  at  the 
bottom  of  the  sea;  then  let  a 
movement  from  below  press 
them  upwards  into  the  form  of 
a  flattened  dome,  and  let  the 
crown  of  this  dome  be  after- 
wards cuts  off,  so  that  the  in- 
cision should  penetrate  to  the 
lowest  of  the  five  groups.  The 
different  beds  would  then  be 
exposed  on  the  surface,  in  the 
manner  exhibited  in  the  map, 
fig.  252.» 

The  quantity  of  denudation 
or  removal  by  water  of  strati- 
fied masses  assumed  to  have 
once  reached  continuously  from 
the  North  to  the  South  Downs 
is  so  enormous,  that  the  reader 
may  at  first  be  startled  by  the 
boldness  of  the  hypothesis.  But  the  difflculiy  vanishes  when  once 
sufficient  time  is  allowed  for  the  gradual  and  successive  rise  of  the 
strata,  during  which  the  waves  and  currents  of  the  ocean  might 
slowly  accomplish  an  operation,  which  no  sudden  diluvial  rush  of 
waters  could  possibly  have  effected. 

Among  other  proofs  of  the  action  of  water,  it  may  be  stated  that 
the  great  longitudinal  valleys  follow  the  outcrop  of  the  softer  and 
*  See  illostratknu  of  tliit  theory  by  Dr.  FiKon,  GeoL  Sketch  of  Hutingab       ^^ 
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nioiv  incoherent  beds,  while  ridges  or  lines  of  cliff  nsnallj  occnr  mt 
those  points  where  the  strata  are  composed  of  harder  stone.  Thiia» 
for  example,  the  chalk  with  flints,  together  with  the  subjacent  upper 
greensand,  which  is  often  used  for  building,  under  the  proyincial 
name  of  <<  firestone,"  has  been  cut  into  a  steep  cliff  on  that  side  on 
which  the  sea  encroached.  This  escarpment  bounds  a  deep  Talley, 
excavated  chieflv  out  of  the  soft  argillaceous  or  marlj  bed,  termed 
gault  (Na  3.).  In  some  places  the  upper  greensand  is  in  a  loose  and 
incoherent  state,  and  there  it  has  been  as  much  denuded  as  the  gault ; 
as,  for  example,  near  Beachy  Head ;  but  farther  to  the  westward  it 
is  of  great  thickness,  and  contains  hard  beds  of  blue  chert  and  cal- 
careous sandstone  or  firestone.  Here,  accordingly,  we  find  that  it 
produces  a  corresponding  influence  on  the  scenery  of  the  country; 
for  it  runs  out  like  a  step  beyond  the  foot  of  the  chalk-hills,  and  con- 
stitutes a  lower  terrace,  Tarying  in  breadth  from  a  quarter  of  a  mile 
to  three  miles,  and  following  the  sinuosities  of  the  chalk  escarpment.* 

F|g.»«. 


a.  Chalk  with  flints.  *.  ChJilk  without  flix.ta. 

c.  Upper  greeoMmi,  or  flrettooe.*  d.  Gauk. 

It  is  impossible  to  desire  a  more  satisfactory  proof  that  the  escarp- 
ment is  due  to  the  excavating  power  of  water  during  the  rise  of  the 
strata ;  for  I  have  shown,  in  my  account  of  the  coast  of  Sicily,  in  what 
manner  the  encroachments  of  the  sea  tend  to  efface  that  succession  of 
terraces  which  must  otherwise  result  from  the  intermittent  upheaval 
of  a  coast  preyed  upon  by  the  waves. j"  During  the  interval  between 
two  elevatory  movements,  the  lower  terrace  will  usually  be  destroyed, 
wherever  it  is  composed  of  incoherent  materials;  whereas  the  sea 
will  not  have  time  entirely  to  sweep  away  another  part  of  the  same 
terrace,  or  lower  platform,  which  happens  to  be  composed  of  rocks  of 
a  harder  texture,  and  capable  of  offering  a  firmer  resistance  to  the 
erosive  action  of  water.  As  the  yielding  clay  termed  gault  would  be 
readily  washed  away,  we  find  its  outcrop  marked  everywhere  by  a 
valley  which  skirts  the  base  of  the  chalk  hills,  and  which  is  usually 
bounded  on  the  opposite  side  by  the  lower  greensand;  but  as  the 
upper  beds  of  this  last  formation  are  most  commonly  loose  and  inco- 
herent, they  also  have  usually  disappeared  and  increased  the  breadth 
of  the  valley.  But  in  those  districts  where  chert,  limestone,  and  other 
solid  materials  enter  largely  into  the  composition  of  this  formation 
(No.  4.),  they  give  rise  to  a  range  of  hills  parallel  to  the  chalk,  which 
sometimes  rival  the  escarpment  of  the  chalk  itself  in  height,  or  even 
surpass  it,  as  in  Leith  Hill,  near  Dorking.  This  ridge  often  presents 
a  steep  escarpment  towards  the  soft  argillaceous  deposit  called  the 

♦  Sir  R.  Marchison,  Gool.  Sketch  of        f  Sec  fig.  94.  p.  76. 
SuMcx,  &c.,  Oool  Trans.,  Second  Series, 
YoL  il  p.  98.  J 
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Weald  clay  (No.  5. ;  see  the  strong  lines  in  fig.  253.  p.  243.),  which 
usually  forms  a  broad  valley,  separating  the  lower  greensand  from 
the  Hastings  sands  or  Forest  ridge ;  but  where  subordinate  beds  of 
sandstone  of  a  firmer  texture  occur,  the  uniformity  of  the  plain  of 
No.  5.  is  broken  by  waving  irregularities  and  liillocks. 

It  will  be  easy  to  show  how  closely  these  superficial  inequalities 
agree  with  those  which  we  might  naturally  expect  to  originate  during 
the  gradual  rise  of  the  Wealden  district.  Suppose  the  line  of  the 
most  energetic  movement  to  have  coincided  with  what  is  now  the 
central  ridge  of  the  Weald  valley ;  in  that  case  the  first  land  which 
emerged  must  have  been  situated  where  the  Forest  ridge  is  now 
placed.  Here  many  shoals  and  reefs  may  first  have  existed,  and 
islands  of  chalk  devoured  in  the  course  of  ages  by  the  ocean  (see 
fig.  253.) ;  so  that  the  top  of  the  shattered  dome  which  first  appeared 
above  water  may  have  been  utterly  destroyed,  and  the  masses  repre- 
sented by  the  fainter  lines  (fig.  253.)  removed. 

The  upper  greensand  is  represented  (fig.  259.)  as  forming  on  the 
left  hand  a  single  precipice  with  the  chalk ;  while  on  tlie  right  there 
are  two  cliffs,  with  an  intervening  terrace,  as  before  described  in 
fig.  258.      Two  strips  of  land  would  then  remain  on  each  side 

Fig.  259. 


Fig.  96a 


;  The  doited  lines  repretent^tlie  sea-IeTel. 

of  a  channel,  presenting  ranges  of  white  cliffs  facing  each  other.  A 
powerful  current  might  then  scoop  out  a  channel  in  the  gault  (No.  2.). 
This  softer  bed  would  yield  with  ease  in  proportion  as  parts  of  it  were 
brought  up  from  time  to  time  and  exposed  to  the  fury  of  the  waves, 
so  that  large  spaces  occupied  by  the  harder  formation  or  greensand 
(No.  3.),  would  be  laid  bare.  This  last  rock,  opposing  a  more  effectual 
resistance,  would  next  emerge ;  while  the  chalk  cliffs,  at  the  base  of 
which  the  gault  is  rapidly  undermined,  would  recede  farther  from 
each  other,  after  which  four  parallel  strips  of  land,  or  rows  of  islands, 
would  be  caused,  which  are  represented  by  the  masses  which  in 
fig'  260.  rise  above  the  dotted  line  indicating  the  sea-level.  In  this 
diagram,  however,  the  inclination  of  the  upper  surface  of  the  for- 
mations (Nos.  1.  and  3.),  is  exaggerated.  Originally  this  surface 
must  have  been  level,  like  the  submarine  terraces  produced  by  denu- 
dation, and  described  before  (p.  74.  and  77.) ;  but  they  were  after- 
wards more  and  more  tilted  by  that  general  movement  to  which  the 
region  of  the  Weald  owes  its  structure.  At  length,  by  the  farther 
elevation  of  the  dome-shaped  mass,  the  clay  (No.  4.)  would  be  brought 
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within  reach  of  the  waven,  which  would  probably  gain  the  more 
easj  access  to  the  subjacent  deposit  hy  the  rents  which  would  be 
caused  in  No.  3.,  and  in  the  central  part  of  the  ridge  where  the  up- 
lifting force  had  been  exerted  with  the  geatest  energy.  The  opposite 
clifid,  in  which  the  greenaand  (No.  3.)  terminates,  would  now  begin 
to  recede  from  each  other,  having  at  their  base  a  yielding  atratum  of 
clay  (No,  4.).  Lastly,  the  sea  would  penetrate  to  the  aand  (No.  5,), 
aad  then  the  state  of  things  indicated  in  the  dark  lines  of  the  upper 
section  (fig.  253.),  would  be  consummated. 

It  was  stated  that  there  are  many  lines  of  flexure  and  dislocatioD, 
running  east  and  nest,  or  parallel  to  the  central  axis  of  the  Wealden, 
They  are  numerous  in  the  district  of  the  Hastings  sand,  and  sotae- 
times  occur  in  the  chalk  itself.  One  of  the  latter  kind  has  giren  rise 
to  the  ravine  called  the  Coomb,  near  Lewes,  and  was  first  traced  out 


by  Dr.  Mantell,  in  whose  company  I  examined  it.  This  coomb  is  seen 
on  the  eastern  side  of  the  valley  of  the  Ouse,  in  tlie  suburbs  of  the  town 
of  Lewes.  The  steep  declivities  on  each  side  are  covered  with  green 
turf,  aa  is  the  bottom,  which  is  perfectly  dry.  No  outward  signs  of  dis- 
turbance are  visible  ;  and  the  connection  of  the  hollow  with  subterra- 
nean movements  would  not  have  been  suspected  hy  the  geologist,  bad 
not  the  evidence  of  great  convulaiona  been  clearly  exposed  in  the  es- 
carpment of  the  valley  of  the  Ouse,  and  the  numerous  chalk  pits  worked 
at  the  termination  of  the  Coomb.  By  the  aid  of  these  we  discover 
that  the  ravine  coincides  precisely  with  a  line  of  fault,  on  one  ude  of 
which  the  chalk  with  flints  (a,  fig.  262. X  appears  at  the  summit  of 
the  hill,  while  it  is  thrown  down  to  the  bottom  on  the  other. 

Mr.  Martin,  in  his  work  on  the  geology  of  AVestern  Sussex,  pub- 
lished in  1828,  threw  much  light  on  the  structure  of  the  Weiddeo 
by  tracing  out  continuously  for  miles  the  direction  of  many  anti- 
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Fig.  96S. 


Fault  la  the  cliff  hills  near  Lewei.    Maiitell. 
a.  Chalk  with  flints.  b.  Lower  chalk.* 

clinal  lines  and  cross  fractures ;  and  the  same  course  of  investigation 
has  since  been  followed  out  in  greater  detail  by  Mr.  Hopkins.  The 
mathematician  last-mentioned  has  shown  that  the  observed  direction 
of  the  lines  of  flexure  and  dislocation  in  the  Weald  district  coincide 
with  those  which  might  have  been  anticipated  theoretically  on  me- 
chanical principles,  if  we  assume  certain  simple  conditions  under 
which  the  strata  were  lifted  up  by  an  expansive  subterranean  force. 
He  finds  by  calculation  that  if  this  force  was  applied  so  as  to  act 
uniformly  upwards  within  an  elliptic  area,  the  longitudinal  fissures 
thereby  produced  would  nearly  coincide  with  the  outlines  of  the 
ellipse,  forming  cracks,  which  are  portions  of  smaller  concentric 
ellipses,  parallel  to  the  margin  of  the  larger  one.  These  longitudinal 
fissures  would  also  be  intercepted  by  others  running  at  right  angles 
to  them,  and  both  lines  of  fracture  may  have  been  produced  at  the 
same  time.f  In  this  illustration  it  is  supposed  that  the  expansive 
force  acted  simultaneously  and  with  equal  intensity  at  every  point 
within  the  upheaved  area,  and  not  with  greater  energy  along  the 
central  axis  or  region  of  principal  elevation. 

The  geologist  cannot  fail  to  derive  great  advantage  in  his  specula- 
tions from  the  mathematical  investigation  of  a  problem  of  this  kind, 
where  results  free  from  all  uncertainty  are  obtained  on  the  assumption 
of  certain  simple  conditions.  Such  results,  when  once  ascertained 
by  mathematical  methods,  may  serve  as  standard  cases,  to  which 
others  occurring  in  nature  of  a  more  complicated  kind  may  be  re- 
ferred. In  order  that  a  uniform  force  should  cause  the  strata  to  attain 
in  the  centre  of  the  ellipse  a  height  so  far  exceeding  that  which  they 
have  reached  round  the  margin,  it  is  necessary  to  assume  that  the 
mass  of  upheaved  strata  offered  originally  a  very  unequal  degree  of 
resistance  to  the  subterranean  force.  This  may  have  happened  either 
from  their  being  more  fractured  in  one  place  than  in  another,  or  from 
being  pressed  down  by  a  less  weight  of  incumbent  strata ;  as  if  we 
suppose,  what  is  far  from  improbable,  that  great  denudation  had 
taken  place  in  the  middle  of  the  Wealden  before  the  final  and  principal 
upheaval  occurred.  It  is  suggested  that  the  beds  may  have  been  acted 
upon  somewhat  in  the  manner  of  a  carpet  spread  out  loosely  on  a  floor, 
and  nailed  down  round  the  edges,  which  would  swell  into  the  shape 
of  a  dome  if  pressed  up  equally  at  every  point  by  air  admitted  from 
beneath.  But  when  we  are  reasoning  on  the  particular  phenomena 
of  the  Weald,  we  have  no  geological  data  for  determining  whether 
it  be  more  probable  that  originally  the  resistance  to  be  overcome  was 

•  For  farther  information,  see  Man-  f  GeoL  Soc.  Proceedings,  No.  74.  p. 
tell*8  Geol  of  S.  £.  of  England,  p.  352.       363.  1841. 
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ir.   i-r         /  ^'""  everywhere  uniform,  was  not  applied  with 

The  opinion  that  both  the  longitudinal  and  transverse  lines  of 
iracture  may  have  been  produced  simultaneously,  accords  well  with 
that  expressed  by  M.  Thurmann,  in  his  work  on  the  aniiclinal  ridges 
and  valleys  of  elevation  of  the  Bernese  Jura.*  For  the  accuracy 
ot  his  map  and  sections  I  can  vouch,  from  personal  examination,  in 
1  Wo  01  part  of  the  region  surveyed  by  him.  Among  other  results, 
at  which  tins  author  arrived,  it  appears  that  the  breadth  of  aU  the 
numerous  anticlinal  ridges  and  dome.shai>ed  masses  in  the  Jura 
IS  invariably  great  in  proportion  to  the  number  of  the  formations 
exposed  to  view ;  or,  in  otht-r  words,  to  the  depth  to  which  the  super- 
imposed  groups  of  secondary  strata  Imve  been  laid  open.  (See  fig.  7 1 
p.  oo.  for  structure  of  Jura.)  He  also  remarks,  that  the  anticlinal 
lines  are  occasionally  oblique  and  cross  each  other,  in  which  case  the 
greatest  dislocation  of  the  beds  takes  place.  Some  of  the  cross 
fractures  are  imagined  by  him  to  have  been  contemporaneous,  others 
subsequent  to  the  longitudinal  ones. 

I  have  assumed,  in  the  former  part  of  this  chapter,  that  the  rise  of 
the  Weald  was  gradual,  whereas  many  geologists  have  attributed  its 
elevation  to  a  single  effort  of  subterranean  violence.  There  appears 
to  them  such  a  unity  of  effect  in  this  and  other  lines  of  deranged 
strata  in  the  south-east  of  England,  such  as  that  of  the  Isle  of  Wight, 
as  is  inconsistent  with  the  supposition  of  a  great  number  of  separate 
movements  recurring  after  long  intervals  of  time.  But  we  know  that 
earthquakes  are  repeated  throughout  a  long  series  of  ages  in  the 
same  spots,  like  volcanic  eruptions.  The  oldest  lavas  of  Etna  were 
poured  out  many  thousands,  perhaps  myriads  of  years,  before  the 
newest,  and  yet  they,  and  the  movements  accompanying  their  emission, 
have  produced  a  symmetrical  mountain;  and  if  rivers  of  melted 
matter  thus  continue  to  flow  in  the  same  direction,  and  towards  the 
same  point,  for  an  indefinite  lapse  of  ages,  what  difficulty  is  there  in 
conceiving  that  the  subterranean  volcanic  force,  occasioning  the  rise 
or  fall  of  certain  parts  of  the  earth's  crust,  may,  by  reiterated  move- 
ments, produce  the  most  perfect  unity  of  result? 

Alluvium  of  the  Weald,  —  Our  next  inquiry  maybe  directed  to  the 
alluvium  strewed  over  the  surface  of  the  supposed  area  of  denudation, 
lias  any  wreck  been  left  behind  of  the  strata  removed  ?  To  this  we 
may  answer,  that  the  chalk  downs  even  on  their  summits  are  covered 
every  where  with  gravel  composed  of  unrounded  and  partially  rounded 
chalk  flints,  such  as  might  remain  after  masses  of  white  chalk  had 
been  softened  and  removed  by  water.  This  superficial  accumulation 
of  the  hard  or  siliceous  materials  of  the  disintegrated  strata  may  be 
due  in  some  degree  to  pluvial  action  ;  for  during  extraordinary  rains 
a  rusli  of  water  charged  with  calcareous  matter,  of  a  milk-white 
colour,  may  be  seen  to  descend  even  gently  sloping  hills  of  chalk.     If 

*  Sool^Tcmens  Jamsn^ncs.  Paris,  1832. 
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a  layer  no  thicker  than  the  tenth  of  an  inch  be  removed  once  in  a  cen- 
tury, a  considerable  mass  may  in  the  course  of  indefinite  ages  melt 
away,  leaving  nothing  save  a  layer  of  flinty  nodules  to  attest  its 
former  existence.  These  unrolled  flints  may  remain  mixed  with 
others  more  or  less  rounded,  which  the  waves  left  originally  on  the 
surface  of  the  chalk,  when  it  first  emerged  from  the  sea.  A  stratum 
of  fine  clay  sometimes  covers  the  surface  of  slight  depressions  and 
the  bottom  of  valleys  in  the  white  chalk,  which  may  represent  the 
aluminous  residue  of  the  rock,  after  the  pure  carbonate  of  lime  has 
been  dissolved  by  rain  water,  charged  with  excess  of  carbonic  acid 
derived  from  decayed  vegetable  matter.* 

Although  flint  gravel  is  so  abundant  on  the  chalk  itself,  it  is  usually 
wanting  in  the  deep  longitudinal  valleys  at  the  foot  of  the  chalk 
escarpment,  although,  in  some  few  instances^  the  detritus  of  the  chalk 
has  been  traced  in  patches  over  the  gault,  and  even  the  lower  green- 
sand,  for  a  distance  of  several  miles  from  the  escarpment  of  the  North 
and  South  Downs.  But  no  vestige  of  the  chalk  and  its  flints  has 
been  seen  on  the  central  ridge  of  the  Weald  or  the  Hastings  sands, 
but  merely  gravel  derived  from  the  rocks  immediately  subjacent. 
This  distribution  of  alluvium,  and  especially  the  absence  of  chalk 
detritus  in  the  central  district,  agrees  well  with  the  theory  of  denu- 
dation before  set  forth ;  for,  to  return  to  ^g.  259.,  if  the  chalk  (No.  1.) 
were  once  continuous  and  covered  every  where  with  flint  gravel,  this 
superficial  covering  would  be  the  first  to  be  carried  away  from  the 
highest  part  of  the  dome  long  before  any  of  the  gault  (No.  2.)  was 
laid  bare.  Now  if  some  ruins  of  the  chalk  remain  at  first  on  the 
gault,  these  would  be,  in  a  great  degree,  cleared  away  before  any 
part  of  the  lower  greensand  (No.  3.)  is  denuded.  Thus  in  propor- 
tion to  the  number  and  thickness  of  the  groups  removed  in  succes- 
sion, is  the  probability  lessened  of  our  finding  any  remnants  of  the 
highest  group  strewed  over  the  bared  surface  of  the  lowest. 

As  an  exception  to  the  general  rule  of  the  small  distance  to  which 
any  wreck  of  the  chalk  can  be  traced  from  the  escarpments  of  the 
North  and  South  Downs,  I  may  mention  a  thick  bed  of  chalk  flints 
which  occurs  near  Barcombe,  about  three  miles  to  the  north  of  Lewes 
(see  fig.  263.),  a  place  which  I  visited  with  Dr.  Mantell,  to  whom 
I  am  indebted  for  the  accompanying  section.  Even  here  it  will  be 
seen  that  the  gravel  reaches  no  farther  than  the  Weald  Clay.  The 
same  section  shows  one  of  the  minor  east  and  west  anticlinal  lines 
before  alluded  to  (p.  244.). 


Section  firom  the  north  escarpment  of  the  South  Downs  to  Barcombe, 

1.  Gravel  compoiied  of  partially  rounded  chalk  flints. 

2.  Chalk  with  and  without  flints. 

3.  Lowest  chalk  or  chalk  marl  (upper  greensand  wanting). 

4.  Gault  6.  Lower  greensaiid.  6.  Weald  claj. 

*  See  aboye,  p.  82. 
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clayey  beds  of  fluvio-marine  and  shallow-water  origin,  before  any  of 
the  London  clay  proper  (or  Galcaire  grossier  in  France)  were 
superimposed.  This  may  account  for  the  fact  that  patches  of  **  plastic 
clay  and  sand  "  (No.  3.  5,  Tab.  p.  1 97.),  are  scattered  over  the  sur- 
face of  the  chalk,  reaching  in  some  places  to  great  heights,  and 
approaching  even  the  edges  of  the  escarpments.  We  must  suppose 
that  subsequently  a  gradual  subsidence  took  place  in  certain  areas, 
which  allowed  the  London  clay  proper  to  accumulate  over  the  Lower 
Eocene  sands  and  clays,  in  a  deep  sea.  Daring  this  sinking  down 
(the  vertical  amount  of  which  equalled  800,  and  in  parts  of  the  Isle  of 
Wight,  according  to  Mr.  Prestwich,  1800  feet),  the  work  of  denudation 
would  be  unceasing,  being  always  however  confined  to  those  areas 
where  land  or  islands  existed.  At  length,  when  the  Bagshot  sand  had 
been  in  its  turn  thrown  down  on  the  London  clay,  the  space  covered 
by  these  two  formations  was  again  upraised  from  the  sea  to  about 
the  height  which  it  has  since  retained.  During  this  upheaval,  the 
waves  would  again  exert  their  power,  not  only  on  the  white  chalk  and 
lower  cretaceous  and  Wealden  strata,  but  also  on  the  Eocene  for- 
mations of  the  London  basin,  excavating  valleys  and  undermining 
cliffs  as  the  strata  emerged  from  the  deep. 

There  are  grounds,  as  before  stated  (p.  205.),  for  presuming  that 
the  tertiary  area  of  London  was  converted  into  land  before  that  of 
Hampshire,  and  for  this  reason  it  contains  no  marine  Eocene  deposits 
so  modern  as  those  of  Barton  Cliff,  or  the  still  newer  freshwater  and 
fiuvio-marine  beds  of  Hordwell  and  the  Isle  of  Wight.  These  last 
seem  unequivocally  to  demonstrate  the  local  inequality  of  the  up- 
heaving and  depressing  movements  of  the  period  alluded  to  ;  for  we 
find,  in  spite  of  the  evidence  afforded  in  Alum  and  White  Cliff  Bays, 
of  continued  depression  to  the  extent  of  1800  or  2000  feet,  that  at  the 
close  of  the  Eocene  period  a  dense  formation  of  freshwater  strata  was 
produced.  The  fossib  of  these  strata  bear  testimony  to  rivers  drain- 
ing adjacent  lands,  and  the  existence  of  numerous  quadrupeds  on 
those  lands.  Instead  of  such  phenomena,  the  signs  of  an  open  sea 
might  naturally  have  been  expected  as  the  consequence  of  so  much 
subsidence,  had  not  the  depression  been  accompanied  or  followed  by 
upheaval  in  a  region  immediately  adjoining. 

When  we  attempt  to  speculate  on  the  geographical  changes  which 
took  place  in  the  earlier  part  of  the  Pk)cene  epoch,  and  to  restore  in 
imagination  the  former  state  of  the  physical  geography  of  the  south- 
east of  England,  we  shall  do  well  to  bear  in  mind  that  wherever  there 
are  proofs  of  great  denudation,  there  also  the  greatest  area  of  land 
has  probably  existed.  In  the  same  space,  moreover,  the  oscillations  of 
level,  and  the  alternate  submergence  and  emergence  of  coasts,  may  be 
presumed  to  have  been  most  frequent ;  for  these  fluctuations  facilitate 
the  wasting  and  removing  power  of  waves,  currents,  and  rivers. 

We  should  also  remember  that  there  is  always  a  tendency  in  the 
last  denuding  operations,  to  efface  all  signs  of  preceding  denudation, 
or  at  least  all  those  marks  of  waste  from  which  alone  a  geologist  can 
ascertain  the  date  of  the  removal  of  the  missing  strata  within  the 
denuded  area.     It  may  often  be  difficult  to  settle  the  chronology  eve" 
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of  the  Inst  of  a  series  of  such  acts  of  removal,  but  it  must  be,  in  the 
nature  of  thinj^s,  almost  always  impossible  to  assign  a  date  to  each  of 
the  aiitect'diMit  denudations.     If  we  wish  to  determine  the  times  of 
tho  di'^trurtion  of  rocks,  we  must  look  any  where  rather  than  to  the 
Hpaoert  onco  occupied  by  the  missing  rocks.     We  must  inquire  to 
wluit  n'{j:ions  the  ruins  of  the  white  chalk,  greensand,  Wealden,  and 
othor  Htnita  wliich   have   disappeared  were  transported.     We    axe 
thou  \vi\  at  once  to  the  examination  of  all  the  deposits  newer  than 
tlio  chalk,  and  first  to  the  oldest  of  these,  the  Lower  Ek)cene,  and  its 
Hrtud,  ^Inn^xlo,  and  clay.     In  them,  so  largely  developed  in  the  imme- 
diate nci^hlKUirhoiHl  of  the  denuded  area,  we  discover  the  wreck  we 
nH'  in  8oan'h  of,  n^gularly  stratified,  and  inclosing,  in  some  of  its  lajerSt 
or>;unic  n'uuuns  of  a  littoral,   and   sometimes  fluviatile   character. 
What  mort*  can  wo  desire?      The  shores  must  have  consisted  of 
chulk.  ^tvensand,  and  Wealden,  since  these  were  the  only  superficial 
ruck^4  in  the  south-east  of  England,  at  the  commencement  of  the 
iMH'cne  epiH'h.     The  waves  of  the  sea,  therefore,  and  the  rivers  were 
griuilii)^    down    chalk-flints    and    chert   from   the  greensand  into 
Hhin^lo  and  sand,  or  were  washing  away  calcareous  and  argillaceous 
nuiitrr  tWni  the  eretaciH>u9  and  Wealden  beds,  during  the  whole  of 
the  iMtceue  |HM'iiHl.     Thus  wo  obtain  the  date  of  a  great  part  at  least 
of  that  enormous  amount  of  denudation  of  which  we  have   such 
striking  monuments  in  the  space  intervening  between  the  North  and 
South  IViwns. 

TI)ort«  have  In^en  si>me  movements  of  land  on  a  smaller  scale  since 
the  KiKvne  periotl  in  the  south-east  of  England.  One  of  the  latest  of 
the<e  happened  in  the  PleistiH*ene,  or  even  perhaps  as  late  as  the  Post- 
riiiK'ene  perioii.     The  formation  called  by  Dr.  Mantell  the  Elephant 
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\     (  |i  t>K  wiih  It) lit  I'l  itml  (|i)M«inc  «|it:hth  to  lli^  >ouih. 

A     \i>i  t.  Ill  i>,-m  ii.  i,iii«i«niii:  oi  nwv  »aii«i,  iVoiu  on«>  (o  lour  ft^t  thick.  cv^Terod  by  diinfrle  fkmm  five 
t><  I  itilit  iini  iltiik  ««l  |HM>lr«  oi  vli.tlK-rtint.  i:rMiut«>.  «u\l  oth«r  rock*.  «Uh  broken  theUtof  re- 

I  I  III   l«titlU(,>  %\>%-\  h-t,  A\\\\  lHinO«  Ol  C«'tA«'«>l|. 

I  ti  iA\\\\\  kit  ni'tMM  \\*\\  UM-t  \\i\\\.  «>\>iiyi»iti>f  \vf  Uyer*  of  white  chalk  nibMe.  with  broken  chaDc- 
linit*.  \\\  Ykhh  h  tU'|«t«%it  All*  toitiut  lHMt«^  o(v«\.  dc<r.  horse,  tuad  nuunmckb. 
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Bed,  ftt  the  foot  of  the  chalk  cUSs  at  Brighton,  is  not  merely  a  talus 
of  calcareous  rubble  collected  at  the  base  of  an  inland  cliff,  but  exhibits 
every  appearance  of  having  been  spread  out  in  successive  horizontal 
lajers  by  water  in  motion. 

The  deposit  alluded  to  Bkirta  the  shores  betneen  Brighton  and 
Bottingdean,  and  another  mass  apparently  of  the  same  age  occurs  at 
Dover.  The  phenomena  appear  to  me  to  suggest  the  following  con- 
clusions :  —  First,  the  south-eastern  part  of  England  had  acquired  its 
actual  configuration  when  the  ancient  chalk  cliff  A.  a  was  formed,  the 
beach  of  sand  and  shingle  &  having  then  been  thrown  up  at  the  bass 
of  the  cliff.  ARerwanls  the  whole  coast,  or  at  least  that  part  of  it 
where  the  elephant  bed  now  extends,  subsided  to  the  depth  of  50  or 
60  feet ;  and  during  the  period  of  submergence  successive  layers 
of  white  calcareous  rubble  c  were  accumulated,  so  as  to  cover  the 
ancient  beach  b.  Subsequently,  the  coast  was  again  raised,  so  that 
the  ancient  shore  was  elevated  to  a  level  somewhat  higher  than  its 
original  position.* 


CHAPTER  XX. 

OOLITE  AND  LIAS. 

Snbdivi^oiti  of  the  OoliUc  or  Jnrasaic  groap  — FhTncal  geographj  of  the  Oolite  in 
England  and  France  —  Upper  Oolite — Portland  stone  and  fossUs — Lichographie 
stone  of  Solcnhofen  —  Middle  Oolite,  coral  rag — Zoophytes — Nerinoan  limestons 
—  Diceraa  limestone  —  Oxford  claj.  Ammonites  and  Belemnitea  —  Loirer  Oolite, 
Crinoideans  —  Great  Oolite  and  Bradford  clajr — Slonesfield  itate  —  Fouil 
mammalia,  placental  and  marsupial — Bcsemblanee  to  an  Aostralian  fanna — 
Di>ctrine  of  progresHTe  development — Collyweaion  slatea — Torkebire  Oolitic 
coal-licld  —  Brora  coal — Interior  Oolite  and  foesUe. 

Oolitic  or  Jurassic  Group. — Below  the  freshwater  group  called 
the  Wealden,  or,  where  this  is  wanting,  immediately  beneath  the 
Cretaceous  formation,  a  great  series  of  marine  strata,  commonly 
called  "  the  Oolite,"  occurs  in  England  and  many  other  parts  of 
Europe.  This  group  has  been  so  named,  because,  in  the  countries 
where  it  was  first  examined,  the  limestones  belonging  to  it  had  an 
oolitic  structure  (see  p.  12.).  These  rocks  occupy  in  England  a  zone 
which  is  nearly  30  miles  in  average  breadth,  and  extends  across  tlie 
island,  from  Yorkshire  in  the  north-east,  to  Dorsetshire  in  the  south- 
wesL     Their  mineral  characters  are  not  uniform   throughout  this 

*  See  Mantell's  GeoL  of  B.K  c^Eng-  diacoreredin  Iheiliingle  below  the  rhalk- 

land,  p.  3S.     After  re-examining  the  ele-  rubble  the  jawbone  of  a  whale  13  feet 

pbant  bed  in  IBM,  I  was  no  longer  in  long,  which  must  Iutb  belong  to  tui 

doubt  of  its  having  been  a  r^ular  sub-  indiTidual  from  60  to  70  feet  m  length, 

aqueous  depoaU.    In  1838,  Dr.  Uantell  Medals  of  CreMton,  p.  B3S.  _ 
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Tiiij.      r^e  Lt-'T-rT  i^'^Efefn  :r^Ci:a«s   ja  tiie  Lot^  la  xz: 

'iT'saari   It   strcuTiTcsij  Ji   "lit*  itr:    rodDCir.     ^Li^lj'  it 
t^ius  it*   iLarzi:ri:2=iifr»i  '25  >««"i.';ir   jFTiaii:  rsmizzLii  ami 

in  ▼iii'-i-  'Lii;i'Xi   •"-*■- If-  iX'T*  -uX   i^jcn^ci»-'al 

<rr--o  c  -r ;  ari  c^rw-^c  ties**  TiZftji  xzft  IrsaeKooes  are  o^Merred, 
rr^my,-;'.:.^  nr.j**  oc  Li".^  or  n-ir?  -tle-rired  xr:c=»i5*  Hwse  rmnges 
f*TTr.[- aV:  x:it\z,'\j  on  tL*  &ie  oq  wiici:  :Le  seTerxl  dars  rise  1^ 

7>.^,  %uu^,x f-A  <iiazrain  Trill  giv^  tL-r  nadrr  an  i'i*a  el*  the  configure 
flti//ri  f,i  tf.^  arfAT^  now  alla<i«:d  ti>.  «u<:h  as  nukj  be  <<«n  in  passu^ 
ff '>Tri  iy,ri^]r,T»  v»  ( ^..H.'fiZikiiLm,  or  in  ciL-er  ponllel  lines  from  t^st  to 
w«;<f,  in  tfic  ■!0'j*,;.TTi  {Art  of  Englani.     It  Las  b^^n  neccssaij,  how- 
Fir  *i5. 

fA^*v  yiAtm  Tit 


<■  '" 


';vf'r,  in  tliiJi  HrAwiri^r,  ierf.&Hy  to  exaggerate  the  inclination  of  the 
^"14,  f%u*l  tU'*,  hf'\f/Ui  ofi  iUa  fK;veral  formation?,  as  compared  to  their 
Uony/fiiin\  t'.xit'uU  It  will  l/e  remarked,  that  the  lines  of  cliff,  or 
tf^t'tttifUii-uif  fft4'ii  Utwtinl-i  the  wfM  m  the  great  calcareous  eminences 
fortiU'M  hy  th<;  ('hulk  and  the  Upper,  Middle,  and  Lower  Oolites; 
find  Hi  iUt\  hnhti  of  ntuiU  we  have  renpectivelj  the  Gault,  Kimmeridge 
vlny,  Oni'oril  cjay^  nw\  lAun.    This  last  forms,  generally,  a  broad  vale 
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at  the  foot  of  the  escarpment  of  inferior  oolite,  but  where  it  acquires 
considerable  thickness,  and  contains  solid  beds  of  marlstone,  it  occu- 
pies the  lower  part  of  the  escarpment. 

The  external  outline  of  the  countiy  which  the  geologist  obserres 
in  traTclling  eastward  from  Faris  to  Metz  is  precisel7  analogous,  and 
is  caused  b^  a  similar  succession  of  rocks  intervening  between  the 
tertiary  strata  and  the  Lias ;  with  this  difference,  however,  that  the 
escarpments  of  Chalk,  Cpper,  Middle,  and  Lower  Oolites,  face 
towards  the  east  instead  of  the  west. 

The  Chalk  crops  out  irom  beneath  the  tertiary  sands  and  clajs  of 
the  Paris  basin,  near  Epemaj,  and  the  Gault  from  beneath  the 
Chalk  and  Upper  Greensand  at  Clermont-en- Argonne ;  and  passing 
from  this  place  by  Verdun  and  Etoin  to  Metz,  we  find  two  limestone 
ranges,  with  intervening  vales  of  clay,  precisely  resembling  those  of 
southern  and  central  England,  until  we  reach  the  great  plain  of  Lias 
at  the  base  of  the  Inferior  Oolite  at  Metz. 

It  is  evident,  therefore,  that  the  denuding  causes  have  acted  simi- 
larly over  an  area  several  hundred  miles  in  diameter,  sweeping  away 
the  softer  clays  more  extensively  than  the  limestones,  and  under- 
mining these  last  so  as  to  cause  them  to  form  steep  cliffs  wherever 
the  harder  calcareous  rock  was  based  upon  a  more  yielding  and 
destructible  clay.  This  denudation  probably  occurred  while  the  land 
was  slowly  rising  out  of  the  sea.* 

Upper  Oolite. 
The  Portland  stone  has  already  been  mentioned  as  forming  in 
Dorsetshire  the  foundation  on  which  the  freshwater  limestone  of 
the  I/Ower  Purbeck  reposes  (see  p.  232,).  It  supplies  the  well- 
known  building- stone  of  which  St.  Paul's  and  so  many  of  the  prin- 
cipal edifices  of  London  are  constructed.  This  upper  member, 
characteriKed  by  peculiar  marine  fossils,  rests  on  a  dense  bed  of  sand, 
called  the  Portland  sand,  below  which  is  the  Eimmeridge  clay.  In 
England  these  Upper  Oolite  formations  are  almost  wholly  confined 
to  the  southern  counties.  Corals  are  rare  in  them,  although  one 
Fig.  K7.  species  is  found   plentifully  at  Tisbury,   in 

Wiltshire,  in  the  Portland  sand  converted 
nto  flint  and  chert,  the  original  calcareous 
natter  being  replaced  by  silex  (fig.  267.). 

Amongst  the  characteristic  fossils  of  the 
Upper  Oolite,  may  be  mentioned  the  Otlrea 
'   delloidea  (fig.  269.),  found  in  the  Kimmerldge 
clay  throughout  England  and  the  north  of 
France,   and   also   in    Scotland,  near  Brora. 
The   Gryphcta  virgula  (fig.  268.),  also  met 
with  in  the   same  clay  near  Oxford,    is   so 
abundant  in   the   Upper  Oolite  of  parts  of 
Ai  HHi  on  k  rui'-hrd  (lib  <>i    France  as  to  have  caused  the  deposit  to  be 
Vv^t'^u'TiSuij'.  ""     termed  " marnes  &  gryph^es  virgulea."    Near 
•  See  Chapters  VL  and  XIX. 
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6v  iv-ixt^w 


MzzdSfT  3ki  fagaliirf  le  ^s  ^^■'  tS~  «c<K»  ^  C 

tinat  izseea^  «»«  vis±  »  m  ^>i^sjk.  •:r  e^^r^fV-Cr.  mnm  Wtc 
l«i!c  ^ui>wa  cd  to  sea,  pr^tksij  fr.-DL  !»  naw  ji^  ■»  vkick  tfee 

JIRdJlt  CK-iitf. 

dr^  Bag.— Oat «'  lie  'i=i«^-oes  vV  =w  ^5i>  Ocfiw  Ik  Wea 

ediii  lb;  ~  C'jnl  Bi^.~  b««=*e  h  cuck^s.  b:  pa;^  at  owdnaoaa 

bt^  1:4'  pe^Haed  ccnli.  ix  the  ^>xt  pir:  rvc^isutt  i&e  juBtMB  in 

wlii  -i=T  zrew  at  ih*  K«Me»  «  ib«  ss*.     Tber  btfki^  ikklj  to 

dsitd  f'jca  a«»a  &f  wnl  15  f««t  thick.  la  t!te  aaaexvd  %>n  of 
kn  Attn-a.  irc-sa  tLis  fc-rcAtwo.  h  »ill  be  se«:  t^  ti*  cap  thaptd 
r^T^ti^  xn  deepw:  00  the  rizbt-bAod  fide,  a^'i  tLu  ihtr  givw  Bon 
acd  D«B  iliaQov,  till  tb-JxM  ca  tbe  left  Stie  u«  Deari*-  filM  q». 
Tilt  las-Bsnied  itan  an  sspposed  ti>  be  Potrpam  4^  adtuKcd  4ge. 


COEALS  OF  THE  OOI.ITE. 


Theae  coraUiae  atraU  extend  through  the  calcareoua  hills  of  the 
N.W.  of  Berkshire,  and  north  of  Wilts,  and  again  recur  in  York- 
shire, near  Scarborough. 

One  of  the  limeatones  of  the  Jura,  referred  to  the  age  of  the 
English  coral  rag,  has  been  called  "iNerianan  limestone"  (Calcaire 
k  N^rin^s)  by  M.  Thirria;  Nermaa  being  an  extinct  genus  of  oni- 
volve  shells,  much  resembling  the  CerHhium  in  external  form.  The 
annexed  section  (fig.  273.)  shows  the  curious  form  of  the  hollow  part 
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of  each  whorl,  and  also  the  perforation  which  puses  up  the  middle  of 
the  columella.  N,  GoodheUlii  (fig.  274.)  is  another  English  species 
of  the  same  genus,  from  a  formation  which  seems  to  form  a  passage 
from  the  Eimmeridge  clay  to  the  coral  rag.* 

A  division  of  the  oolite  in  the  Alps,  regarded  bj  most  geologists 
as  coeval  with  the  English  coral  rag,  has  been  often  named  "  Calcaire 
&  Dicerates,"  or  "  Diceras  limestone,"  from  its  containing  abundantly 
a  bivalve  shell  (see  fig.  275.)  of  a  genus  allied  to  the  Chama, 

*  Fitton,  Ged.  Tnea^  Second  Series  voL  ir.  [d.  S3,  flg.  11.  ^ 
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Similar  elongated  processeB  have  been 
also  observed  to  extend  from  tfae  ehells  of 
some  belemnitea  discovered  by  Dr.  Mantell 
in  the  same  clay  (see  fig.  279.),  who,  by  the 
aid  of  this  and  other  specimens,  has  been  able 
to  throw  much  light  on  the  structure  of  this 
singular  extinct  form  of  cuttle-fish.* 


vhk-h  it  ehambvTH 


Lotoer  Oolite. 

The  upper  division  of  this  series,  vhich 
is  more  extensive  than  the  preceding  or 
Middle  Oolite,  is  called  in  England  the 
Cornbrnah,  It  consists  of  clays  and  calca- 
reous sandstones,  which  pass  downwards 
into  the  Forest  marble,  an  argillaceous  lime- 
stone, abounding  in  marine  fossils.  In  some 
places,  as  at  Bradford,  this  limestone  is  re- 
placed by  a  mass  of  clay.  The  sandstones 
of  the  Forest  Marble  of  Wiltshire  are  often 
ripple-marked  and  filled  with  fragments  of 
broken  shells  and  pieces  of  drift-wood, 
having  evidently  been  formed  on  a  coast. 
Kippted  fliaba  of  fissile  oolite  are  used  for 
roofing,  and  have  been  traced  over  a  broad 
band  of  country  from  Bradford,  in  Wilts,  to 
Tetbury,  in  Gloucestershire.  These  cal- 
careous tile-stonea  are  separated  from  each 
other  by  thin  seams  of  clay,  which  have 
been  deposited  upon  them,  and  have  taken 
their  form,  preserving  the  undulating  ridges 
and  furrows  of  the  sand  in  such  complete  in- 
tegrity,  that  the  impressions  of  small  foot- 
steps, apparently  of  crabs,  which  walked 
over  the  soft  wet  sands,  are  bCIU  visible. 
In  the  same  atone  the  claws  of  crabs,  frag- 
ments of  echini,  and  other  signs  of  a  neigh- 
bouring beach,  are  observed.! 

Great  Oolite.  —  Although  the  name  of 
coral-rag  has  been  appropriated,  as  we  have 
seen,  to  a  member  of  the  Upper  Oolite  be- 
fore described,  some  portions  of  the  Lower 
Oolite  are  equally  intitled  in  many  places  to 
be  called  coralline  limestones.  Thus  the 
Great  Oolite  near  Bath  contains  varioni 
corals,  among  which  the  Eunomia  radiaia 
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(fig.  280.)  is  reiy  conspicuona,  single  indiTidnals  forming  masses 
soverftl  feet  in  diameter  ;  and  having  probably  required,  like  tlie  large 
existing  brain-coral  (Meandrina)  of  the  tropics,  many  centuries  be- 
fore their  growth  was  completed. 

Different  species  of  Crinoideam,  or  stone-lilies,  are  also  common 
in  the  some  rocks  with  corals ;  and,  like  them,  must  have  enjoyed 
a  firm  bottom,  where  their  root,  or  haae  of  attachment,  remained 
undisturbed  for  years  (c,  flg.  281.).      Such   fossils,  therefore,    are 


almost  confined  to  the  limestones  ;  but  an  exception  occurs  at  Brad- 
ford, near  Bath,  where  they  are  enveloped  in  clay.  In  this  case, 
however,  it  appears  that  the  solid  upper  surface  of  the  "  Great 
Oolite  "  had  supported,  for  a  time,  a  thick  submarine  forest  of  these 
beautiful  zoophj'tes,  until  the  clear  and  still  water  was  invaded  by  a 
current  charged  with  mud,  which  threw  down  the  stone-lilies,  and 
broke  most  of  their  stems  ehort  off  near  the  point  of  attachment. 
The  stumps  still  remain  in  their  original  position  ;  but  the  numerous 
articulations  once  composing  the  stem,  arms,  and  body  of  the 
zoophyte,  were  scattered  at  random  through  the  argillaceous  deposit 
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in  which  some  now  lie  prostrate.  These  appearsnces  are  repreeented 
in  the  section  b,  fig.  281.,  where  the  darker  strata  represent  the 
Bradford  day,  which  some  geologists  class  with  the  Forest  marble, 
others  with  the  Great  Oolite.  The  upper  surface  of  the  calcareons 
stone  below  is  compteteljr  incrusted  over  with  a  continuous  paTement, 
formed  by  the  stonj  roots  or  attachments  of  the  Crinoidea ;  and 
besides  this  evidence  of  the  length  of  time  the;  had  lived  on  the 
spot,  we  find  great  numbers  of  single  joints,  or  circular  plates  of  the 
stem  and  body  of  the  encrinite,  covered  over  with  lerpuUe.  Now 
these  terpula  could  only  have  begun  to  grow  after  the  death  of  some 
of  the  stone-lilies,  parts  of  whose  skeletons  had  been  strewed  over 
the  floor  of  the  ocean  before  the  irruption  of  argillaceous  mud.  In 
some  instances  we  find  that,  after  the  parasitic  lerpula  were  full 
grown,  they  had  become  incrusted  over  with  a  coral,  called  Berenieea 
diluoiana ;  and  many  generations  of  these  polyps  had  succeeded  each 
other  in  the  pure  water  before  they  became  fossil. 


'"  *  Bf!S6'ri*c",! 


We  may,  therefore,  perceive  distinctly  that,  as  the  pines  and  cyca- 
deoua  plants  of  the  ancient  "  dirt  bed,"  or  fossil  forest,  of  the  Lower 
Furbeck  were  killed  by  submergence  under  fresh  water,  and  soon 
buried  beneath  muddy  sediment,  so  an  invasion  of  argillaceous 
matter  put  a  sudden  stop  to  the  growth  of  the  Bradford  Encnnitea, 
and  led  to  their  preservation  in  marine  strata.* 

Such  difierences  in  the  fossils  as  distinguish  the  calcareous  and 
argillaceous  deposits  from  each  other,  would  be  described  by  natu' 
ralists  as  arising  out  of  a  difference  in  the  ilations  of  species  j  but 
besides  these,  there  are  variations  in  the  fossils  of  the  higher,  middle, 
end  lower  part  of  the  oolitic  series,  which  must  be  ascribed  to  that 
great  law  of  change  in  organic  life  by  which  distinct  assemblsgea  of 
species  have  been  adapted,  at  successive  geological  periods,  to  the 
varying  conditions  of  the  habitable  surface.  In  a  single  district  it  is 
difficult  to  decide  how  for  the  limitation  of  species  to  certain  minor 
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formatioiis  hfts  been  due  to  tlie  loeal  infloenoe  of  stations^  <»•  how  far 
it  has  been  cmoBed  bj  time,  or  the  creatiTe  and  destrojing  law  above 
alloded  to.  But  we  recognize  the  realitj  of  the  kst-mentioned  infla- 
ence,  when  we  contrast  the  whole  oolitic  series  of  England  with  that 
of  parts  of  the  Jora,  Alps,  and  other  distant  r^ons,  where  there  is 
scarcely  anj  lithological  resemblance ;  and  jet  some  of  the  same 
fossils  remain  pecnliar  in  each  conntrj  to  the  Upper,  Middle,  and 
Lower  Oolite  formations  respectivelj.  Mr.  Thnrmann  has  shown 
how  remarkably  this  fact  holds  true  in  the  Bernese  Jura,  althoogh 
the  argiUaceous  divisions,  so  conspicuous  in  England,  are  feeblj  re- 
presented there,  and  some  entirely  wanting. 

The  Bradford  clay  above  alloded  to  is  sometimes  60  feet  thick  ; 
Fig.2«.  *^"*>   ^°   ™*°y  place%  it  is  wanting;   and,   in 

others,  where  there  are  no  limestones,  it  cannot 
easily  be  separated  from  the  clays  of  the  over- 
lying "forest  marble"  and  underlying  "fullers 
earth." 

The  calcareous  portion  of  the  Great  Oolite 
consists  of  several   shelly  limestones^   one   of 
TerhrahdadigemM.     .  which.  Called  the  Bath  Oolite,  is  much  cele- 

Bradford  clay.    Nat  .tee       ^^^  ^  ^  building  StonC.       In  partS  of  GloU- 

cestershire,  especially  near  ^finchinhampton,  the  Great  Oolite,  says 
Mr.  Lycett,  "must  have  been  deposited  in  a  shallow  sea,  where 
strong  currents  prevailed,  for  there  are  frequent  changes  in  the 
mineral  character  of  the  deposit,  and  some  beds  exhibit  false  strati- 
fication. In  others,  heaps  of  broken  shells  are  mingled  with  pebbles 
of  rocks  foreign  to  the  neighbourhood,  and  with  fragments  of  abraded 
madrepores,  dicotyledonous  wood,  and  crabs*  claws.  The  shelly  strata, 
also,  have  occasionally  suffered  denudation,  and  the  remov^  portions 
have  been  replaced  by  clay."*  In  such  shallow-water  beds  cepha- 
lopoda are  rare,  and,  instead  of  ammonites  and  belemnites,  numerous 
genera  of  carnivorous  trachelipods  appear.  Out  of  one  hundred  and 
forty-two  species  of  univalves  obtained  from  the  Minchinhampton 
beds,  Mr.  Lycett  found  no  less  than  forty-one  to  be  carnivorous. 
They  belong  principally  to  the  genera  JBuccinumy  PleurotomOj  Bos'- 
tellaria,  MureXy  and  Fusus,  and  exhibit  a  proportion  of  zoophagous 
species  not  very  different  from  that  which  obtains  in  warm  seas  of 
the  recent  period.  These  conchological  results  are  curious  and 
unexpected,  since  it  was  imagined  that  we  might  look  in  vain  for 
the  carnivorous  trachelipods  in  rocks  of  such  high  antiquity  as  the 
Great  Oolite,  and  it  was  a  received  doctrine  that  they  did  not  begin 
to  appear  in  considerable  numbers  till  the  Eocene  period  when 
those  two  great  families  of  cephalopoda,  the  ammonites  and  belem- 
nites, had  become  extinct. 

Stonesfield  slate, — The  slate  of  Stonesfield  has  been  shown  by 
Mr.  Lonsdale  to  lie  at  the  base  of  the  Great  OoIite.|    It  is  a  slightly 

♦  Lycett,  Quart.  GeoL  Joum.  vol  ir.        f  Proceedings  GeoL  Soc  vol  L  p.  414. 
p.  183. 
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oolitic  shelly  limestone,  formiag  large  spheroidal  masses  imbedded  in 
sand,  only  6  feet  thick,  but  very  rich  in  organic  remains.  It  con- 
tains some  pebbles  of  a  rock  very  similar  to  itself,  and  which  may 
be  portions  of  the  deposit,  broken  up  on  a  shore  at  low  water  or 
during  storms,  and  redqMsited.  The  remunB  of  belemnites,  tri- 
goniiE,  and  other  marine  shells,  with  fragments  of  wood,  are  common, 
and  impressions  of  ferns,  cycade«,  and  other  plants.  Several  insects 
also,  and,  among  the  rest,  the  wing-covers  of  beetles,  are 
perfectly  preserved  (see  6g,  284.),  some  of  them  approach- 
ing nearly  to  the  genus  Btiprettis.'  The  remains,  also,  of 
many  genera  of  reptiles,  such  as  FUnoiaur,  Crocodile,  and 
Pterodactyl,  have  been  discovered  in  the  same  limestone. 
But  the  remarkable  fossils  for  which  the  Stonesfield 
slate  is  most  celebrated,  are  those  referred  to  the  mom- 
miferous  class.  The  student  should  be  reminded  that  in 
all  the  rocks  described  in  the  preceding  chapters  as  older 
al^-™""'  "•*"  *''®  Eocene,  no  bones  of  any  land  quadruped,  or  of 
stonnSeid.  any  cetacean,  have  been  discovered.  Yet  we  have  seen 
that  terrestrit^  plants  were  not  rare  in  the  lower  cretaceous  forma- 
tion, and  that  in  the  Wealden  there  was  evidence  of  freshwater 
sediment  on  a  large  scale,  containing  various  plants,  and  even  an- 
cient  vegetable  soils  with  the  roots  and  erect  stumps  of  trees.  We 
had  also  in  the  same  Wealden  many  land-reptiles  and  winged-insects, 
which  renders  the  absence  of  terrestrial  quadrupeds  tbe  more  strik- 
ing. The  want,  however,  of  any  bones  of  whales,  seals,  dolphins,  and 
other  aquatic  mammalia,  whether  in  the  chalk  or  in  the  upper  or 
middle  oolit«,  is  certainty  still  more  remarkable.  Formerly,  indeed, 
a  hone  from  the  great  oolite  of  Enstone,  near  Woodstock,  in  Oxford- 
shire, was  cited,  on  the  authority  of  Cuvier,  as  referable  to  this  class. 
Dr.  Buckland,  who  stated  this  in  bis  Bridgewater  Treatise  t<  had  the 
kindness  to  send  me  the  supposed  ulna  of  a  whale,  that  Mr.  Owen 
might  examine  into  its  claims  to  be  considered  as  cetaceous.     It  is 


*  See  BackUnd'a  Brid^feirater  Trea-    it  is  nggested  that  these  eljtn  may 
e  i  and  Brodie's  Fossil  Insects,  wb«re    belong  to  Prionm, 
t  ToL  L  p.  1 15. 
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the  opioioD  of  that  eminent  oomparatiTe  anatomist  that  it  canooC 
hare  belonged  to  the  cetacea,  because  the  fore-arm  in  these  marine 
mammalia  is  invariablj  much  flatter,  and  deroid  of  aU  moscnlar 
depresnons  and  ridges,  one  of  which  is  so  prominent  in  Ae  middle  of 
this  bone,  represented  in  the  above  cnt  (Gg.  285.).  In  sanrians,  oa 
the  contrary,  such  ridges  exist  for  the  attachment  of  mnsdes ;  and 
to  some  animal  of  that  class  the  bone  is  probably  referable. 

These  observations  are  made  to  prepare  the  reader  to  appreciate 
more  justly  the  interest  felt  by  every  geologist  in  the  discovery  in 
the  Stonesfield  slate  of  no  less  than  seven  speciniens  of  lower  jaws  of 
manuniferous  qoadrupeds,  belonging  to  three  different  species  and  to 
two  distinct  genera,  for  which  the  names  of  Ampkitkernam  and  Huit- 
cololherium  have  been  ad<^ted.  When  Covier  was  first  shown  aoa 
of  these  fossib  in  1818  he  pronounced  it  to  belong  to  a  snail  ferine 
mammal,  with  a  jaw  much  resembling  that  of  an  opossum,  but  differ- 
ing  from  all  known  ferine  genera,  in  the  great  number  of  the  molar 
teeth,  of  which  it  had  at  least  ten  in  a  row.  Since  that  period,  %, 
much  more  perfect  specimen  of  the  same  fosffll,  obtained  by  Dr.  Buck- 
land  (see  fig.  286.),  has  been  examined  by  Mr.  Owen,  who  finds  that 


the  jaw  contained  on  the  whole  twelve 
molar  teeth,  with  the  socket  of  a  small 
canine,  and  three  small  incisors,  which 
ore  in  tUu,  alu^ether  amounting  to  mxteen 
,   teeth  on  each  «de  of  the  lower  jaw. 

The  only  question  which  could  be  rused 
respecting  the  nature  of  these  fossils  was,  whether  they  belonged  to 
a  mammifer,  a  reptile,  or  a  fish.  Now  on  this  head  the  osteologist 
observes  that  each  of  the  seven  half  jaws  is  composed  of  but  one  single 
piece,  and  not  of  two  or  more  separate  bones,  as  in  fishes  and  most 
reptiles,  or  of  two  bones,  united  by  a  suture,  as  in  some  few  species 
belonging  to  those  classes.  The  condyle,  moreover  {h,  fig.  286.)  or 
articular  surface,  by  which  the  lower  jaw  unites  with  the  upper,  is 
convex  in  the  Stanesfield  spedmeus,  and  not  concave  as  in  fishes 
and  reptiles.  The  coronoid  process  (a,  fig.  286.)  is  well  developed, 
whereas  it  is  wanting  or  very  small,  in  the  inferior  classes  of  verte- 
brata.     Lastly,  the  molar  teeth  in  the  Amphitherium  and  PAaseolo- 
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tkerittm  have  complicated  crowns,  and  two  roots  (see  d,  fig,  286.), 
instead  of  being  simple  and  with  single  fangs.* 

The  only  question,  therefore,  which  could  fturly  admit  of  contro- 
versj'  was  limited  to  this  point,  whether  the  fossil  mammalia  found 
in  the  lower  oolite  of  Oxfordshire  ought  to  be  referred  to  the  mar- 
supial quadrupeds,  or  to  the  ordinary  placental  series.  Cuvier  had 
long  ago  pointed  out  a  peculiarity  in  the  form  of  tbc  angular  process 
(c,  figs.  291.  and  292.)  of  the  lower  jaw,  as  a  character  of  the  genus 


Didelphyi ;  and  Mr.  Owen  has  since  established  its  generality  in  the 
entire  marsupial  seriea.  In  all  these  pouched  quadrupeds,  this  pro- 
cess is  turned  inwards,  as  at  c  d,  fig.  291.  in  the  Brazilian  opossum, 
whereas  ia  the  placental  series,  as  at  c,  figs.  290.  and  289.  there  is  an 
almost  entire  absence  of  such  inflection.  The  Tupaia  Tana  of 
Sumatra  has  been  selected  by  my  friend  Mr.  Waterhouse,  for  this 
illustration,  because  that  small  insectivorous  quadruped  bears  a  great 
resemblance  to  those  of  the  Stonesfield  AmpAilherium.  By  clearing 
away  the  matrix  from  the  specimen  of  Amphithtrium  Prevostu  above 
represented  (fig.  286.),  Mr.  Owen  ascertained  that  the  angular 
process  (e)  bent  inwards  in  a  slighter  degree  than  in  any  of  the 
kuown  marsupialia ;  in  short,  the  inflection  does  not  exceed  that  of 
the  mole  or  hedgehog.  This  fact  turns  the  scale  ia  favour  of  its 
affinities  to  the  placental  insectirora.  Nevertheless,  the  Amphithe- 
rium  oflcrs  some  points  of  approximation  in  its  osteology  to  the 
marsupials,  especially  to  the  Myrmecobiui,  a  small  insectivorous 
quadruped  of  Australia,  which  has  nine  molars  on  each  side  of  the 
lower  jaw,  besides  a  canine  and  three  incisors.f 

■  1  have  given  a  Agare  in  tbt  Frin-       t  A  figure  of  tbit  recent  Mynttenbau 

ciples  of  Geology,  chsp.  iz.,  of  anotbv  will  be  found  in  the  Principles,  ebapL  iz. 
Stoneefield  «pecimen  r^AmplutliBrum  Prt- 

vottii,  in  which  the  Mckels  and  rooU  of  .^^ 

the  teeth  are  finely  ezpoKd.  .^■P' 
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ture  in  oolitic  rocks,  both  above  and  below  the 
Stonesfield  state,  aa,  for  example,  the  Podo- 
carya  of  Bucklond,  a  fruit  allied  to  the  Pan- 
danut,  found  in  the  Inferior  Oolite  (see  fig. 
294.),  aod  the  CarpolUhet  conica  of  the  Coral 
The  doctrine,  therefore,  of  a  regular 
if  series  of  progressive  develcpment  at  successive 
'  eras  in  the  animal  and  vegetable  kingdoms, 
from  beings  of  a  more  simple  to  those  of  a 
!  complex  organization,  receives  a  check, 
n.'f"  '^  ""^  *  refutation,  from  the  facts  revealed  to 
us  by  the  study  of  the  Lower  Oolites. 
mlai^'omLtf'''"' ''°"'  The  Stonesfield  slate,  in  its  range  from  Ox- 
fordshire to  the  north-east,  is  represented  by 
flaggy  and  fissile  sandstones,  as  at  Collyweston  in  Northamptonshire 
where,  according  to  the  researches  of  Messrs.  Ibbetson  and  Morris, 
it  contains  many  shells,  such  as  Trigonia  angulata,  also  found  at 
Stonesfield.  But  tbe  Northamptonshire  strata  of  this  age  assume  a 
more  marine  character,  or  appear  at  least  to  have  been  formed 
farther  from  land.  They  inclose,  however,  soroe  fossil  ferns,  such  as 
Pecopteris  polypodioidei,  of  species  common  to  the  oolites  of  the 
Yorkshire  coast*,  where  rocks  of  this  age  put  on  all  the  aspect  of  a 
true  coal-field ;  thin  seams  of  coal  having  actually  been  worked 
in  them  for  more  than  a  century. 

In  the  north-west  of  Yorkshire,  the  formation  alluded  to  consists  of 
an  upper  and  a  lower  carbonaceous  shale,  abounding  in  impressions  of 
plants,  divided  by  a  limestone  considered  by  many  geologists  as  the 
representative  of  tbe  Great  Oolite ;  but  the  scarcity  of  marine  fossils 
makes  all  comparisons  with  the  subdivisions  adopted  in  the  south 
extremely  difficult.  A  rich  harvest  of  fossil  ferns  has  been  obtained 
from  the  upper  carbonaceous  shales  and  sandstones  at  Gristhorpe 
near  Scarborough  (see  figs.  295,  296.).  The  lower  shales  are  well 
exposed  in  the  sea-clifiTs  at  Whitby,  and  are  chiefly  characterized 
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*  Ibbetsoa  and  Moiris,  Beport  of  Brit.  Am.,  1847,  p.  13t. 
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allude  to  Trigonia  elavellala,  found  in  the  Upper  and  Inferior  Oolite, 
and  T.  coitala,  common  to  the  Upper,  Middle,  and  Lower  Oolite  [ 
also  Ostrea  Marshii  (fig.  300.),  common  to  the  Corobrash  of  Wilts 


and  the  Inferior  Oolite  of  Torksbire;    and  Ammontteg  striatului 
(fig.  301.),  common  to  the  Inferior  Oolite  and  Liaa. 

Such  facts  hy  no  means  invalidate  the  general  rule,  that  certain 
fossils  are  good  chronological  testa  of  geological  periods ;  but  they 
serve  to  caution  us  against  attaching  too  much  importance  to  single 
species,  some  of  which  may  have  a  wider,  others  a  more  confined 
Terttcal  range.  We  have  before  seen  that,  in  the  auccessive  tertiary 
formations,  there  are  species  common  to  older  and  newer  groups, 
yet  these  groups  are  distinguishable  from  one  another  by  a  com- 
parison of  the  whole  assemblage  of  fossil  shells  proper  to  ealcb. 


CHAPTER  XXL 

OOUTB  AND  lujb — eottHnued. 


Miaeral  characKr  of  Xiaa — TSaxaa  of  GiyphiM  limeetone — fosail  gbells  and  fieh  — 
IchthyodOTuliiea  — Reptiln  of  the  Lias — Ichibjoeaar  and  PUsicsaur — Harins 
Kepiile  of  the  Galapagos  bland*  —  Sadden  deatmction  and  barinl  of  fbaail 
animals  in  lias — Fluvio-marine  beds  in  Gloucceterdiire  and  insect  limeMone  — 
Origin  of  the  Oolite  and  Idas,  and  of  alternating  calcareona  and  argillaceotu 
fonuations — Oolilic  coaI-6Bld  at  Vi^tnis,  in  tb«  Uniled  Stoles. 

Lias.  —  The  English  provincial  name  of  Lias  has  been  very  generally 
adopted  for  a  formation  of  ai^llaceous  limestone,  marl,  and  clay, 
which  forms  the  base  of  the  OoHte,  and  is  classed  by  many  geologists 
as  part  of  that  group.  They  pass,  indeed,  into  each  other  in  some 
places,  as  near  Bath,  a  sandy  marl  called  the  marlstone  of  the  Lias 
being  interposed,  and  partaking  of  the  mineral  characters  of  the 
upper  lias  and  inferior  oolite.  These  last-mentioned  divisions  have 
aUo  some  fossils  in  common,  such  as  the  Avicula  inaquivalvit 
(fig.  302.).  Nevertheless  the  Lias  may  be  traced  throughout  a  great 
part  of  Europe  as  a  separate  and  independent  group,  of  considerable 
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thickoess,  varying  from  500  to  1000  feet,  c«xt- 
taining  many  peculiar  fossils,  and  baring  a 
very  nniforn)  lithoiogical  aspect.  Although 
usually  conformable  to  the  oolit^  it  is  some- 
times, as  in  the  Jura,  uacoDformable.  Id  the 
environs  of  Lons-le-Saulnier,  for  instance,  in 
g^  the  department  of  Jura,  the  strata  of  lias  are 
inclined  at  an  angle  of  about  45°,  while  the 
incumbent  oolitic  mark  are  horizoDtal. 

The  peculiar  aspect  which  is  most  characteristic  of  the  LJaa  in 
England,  France,  and  Germany,  is  an  alternation  of  thin  beds  of 
blue  or  grey  limestone  with  a  light-brown  weathered  surface,  aep^' 
rated  by  dark-coloured  narrow  HrgiUaceous  partings,  so  that  the 
quarries  of  this  rock,  at  a  distance,  assume  a  striped  and  riband-like 
appearance.* 
Although  the  prevailing  colour  of  the  limestone  of  this  formation 
pi^.go,.  is  blue,  yet  some  beds  of 

the  lower  lias  are  of  a  yel- 
lowish white  colour,  and 
have  been  called  white  liaa. 
In  some  parts  of  France 
near  the  Vosgee  mountains, 
and  in  Luxembourg,  M.  E. 
de  Beaumont  has  shown 
that  the  lias  containing 
Gryphtea  arvuata,  Plagio- 
gtoma  giganteum  (see  fig. 
303.),  and  other  character- 
istic fossils,  becomes  are- 
naceous ;  and  around  the 
Hariz,  in  Westphalia  and  Bavaria,  the  inferior  parts  of  the  lias  are 
sandy,  and  sometimes  afford  a  building  stone. 

The  name  of  Gryphite  limestone  has  sometimes  been  applied  to 
the  lias,  in  consequence  of  the  great  number  of  shells  which  it  con- 
tains of  a  species  of  oyster,  or  Gryphaa  (tig.  304.,  see  also  lig.  30. 
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Crj^fuea  incurva^  Sow. 


p.  29.}.     Many  cephalopodn,  also,  such  a 
Navtiltu  (fig.  305.),  prove  the  marine  ori 


Ammonite,  Belemniu,  and 
pa  of  the  formation. 


*  Conyb.  and  FhlL  p.  961. 
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The  fossil  flsh  resemble  generically  those  of  the  oolite,  belonging 
all,  according  to  M.  AgaBsiz,  to  extinct  genera,  and  differiag  re- 
markably from  the  ichthyolitea  of  the  Cretaceous  period.  Among 
them  is  a  species  of  Lepidatus  {L.  giga*,  Agas.)  (Rg.  306.),  which  is 


found  in  the  Has  of  England,  France,  and  Germany.*  This  genua 
was  before  mentioned  (p.  229.)  as  occurring  in  the  Wealden,  and  is 
supposed  to  hare  frequented  both  rivers  and  coa«ts.  The  teeth  of  a 
species  of  Acrodus,  also,  are  very  abundant  in  the  lias  (fig.  307.). 


LUu,  Lyme  Rsgli.  in 

But  the  remains  of  fish  which  have  excited  more  attention  tban 
any  others,  are  those  large  bony  spines  called  ickthyodoruliUs 
(a,  fig.  308.),  nliich  were  once  suppo^d  by  some  naturalists  to  be 


jaws,  and  by  others  weapons,  resembling  those  of  the  living  Balutet 
nnd  Silurvs ;  but  which  M.  Agssaiz  has  shown  to  be  neither  the  one 
nor  the  other.  The  spines,  in  the  genera  last  mentioned,  articnlate 
wiih  the  backbone,  whereas  there  are  no  signs  of  any  such  articu- 

*  Agaaii,  Pots.  Fos.,  toL  iL  Ub.  as,  39. 
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ktioa  in  the  ichthyodomlites.  These  last  appear  lo  IwTe  been  Imbj 
q>ines  which  fcwmed  the  anterior  put  of  the  doml  fii^  like  that  oif 
the  liviDg  genen  CtMtraeion  ani  Ckimutra  (see  ^  fig.  30S^).      Ta 
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both  of  these  genen,  the  posterior  roncsTe  face  ifl  armed  with  aoBall 
■pines  like  that  of  the  fossil  Ht/bodm*  (Gg.  308.),  one  of  tba  abaik 
family  found  fo9sil  at  Ljme  B«gis.  Such  spinea  are  nmplj  im- 
bedded in  the  flesh,  and  attached  to  strong  musdea.  **  Tb^  ktvcv" 
aajs  Dr.  Buckland,  "as  in  the  Ckimtera  (fig.  309.}.  to  nuae  and 
depress  the  fin,  their  action  resembling  that  of  a  moveable  maa^ 
raising  and  lowering  backwards  the  sail  of  a  barge."t 

RtpHlet  of  Ae  Liiu.—lt  is  not,  howerer,  the  foanl  fish  which 
form  the  most  striking  feature  in  the  organic  remains  of  the  Ijiaa  ; 
but  the  reptiles,  which  are  extraordinarj  for  their  nombcr,  size,  and 
structure.  Among  the  most  singukr  of  these  are  Mrenl  species  of 
Ichthyosaitrtu  and  FUiwamnu.  The  genus  lehtAyotaunu,  or  fiah- 
lizard,  is  not  confined  to  this  fonoation,  hut  has  been  found  in  strate 
as  high  as  the  chalk-marl  and  gault  of  England,  and  as  low  as  the 
muBchelkalk  of  Germany,  a  formation  which  immediately  socceeda 
the  lias  in  the  descending  order.J  It  is  evident  from  their  fish-like 
vertebra  their  paddles,  resembling  those  of  a  porpoise  or  whale^  the 
length  of  their  tail,  and  other  parts  of  their  structure,  that  the  habits 
of  the  Icbthyosaurs  were  aquatic.  Their  jaws  and  teeth  show  that 
thej  were  camivorouB ;  and  the  half-digested  remains  of  fishes  and 
reptiles  found  within  their  skeletons,  indicate  the  precise  natore  of 
their  food.§ 

A  specimen  of  the  hinder  fin  or  paddle  of  lekthyotaunu  eommunit 
was  discovered  in  1840  at  Borrow -on-Soar,  by  Sir  P.  ^erton,  which 
distinctly  exhibits  on  its  posterior  mai^n  the  remains  of  cartilaginoas 
rays  that  bifurcate  as  they  approach  the  edge,  like  those  in  the  fin  of 
a  fish  Csee  a,  fig.  312.).  It  had  previously  been  supposed,  saya 
Mr.  Owen,  that  the  locomotive  organs  of  the  Ichthyosaurus  were 
enveloped,  while  living,  in  a  smooth  integument,  like  that  of  the 
turtle  and  porpoise,  which  has  no  other  support  than  is  afibrded  bf 
the  bones  and  ligaments  within  ;  but  it  now  appears  that  the  fin  was 

■  AfTuni,   Poinooi  Foasnes,  voLiii        t  Itnd.  p.  168. 
labC.  fig.  1.  I  IbJd.p.  187. 

f  Biidgewitct  Trcalii^  p.  290. 
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much  larger,  expanding  far  beyond  iU  oBseous  framewiK'k,  and  de- 
viating widel;  in  its  fish-like  rajrs  from  the  ordinary  reptilian  type. 
In  fig.  312.  the  poeterior  bones,  or  digital  ossicles  of  the  psddle,  are 
seen  near  (;  and  beyond  theee  la  the  dark  carbonized  integument 
of  the  terminal  half  of  the  fin,  the  outline  of  which  is  beautifully 
defined.*  Mr.  Owen  believes  that,  besides  the  fore-paddles,  these 
short-  and  staff-necked  sanriaDS  were  furnished  with  a  tail-fin  with- 
out bones  and  purely  tegumentary,  expanding  in  a  vertical  di- 
rection ;  an  organ  of  motion  which  enabled  them  to  torn  their  headi 
rapidly,  t 
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Mr.  Conybeare  was  enabled,  in  1824,  after  examiniDg  many  skde- 
ttniB  nearly  perfect,  to  give  an  ideal  restoration  of  the  osteoli^y  of 
this  genus,  and  of  that  of  the  I^wiiaunit.*  (See  figs.  310,  311.) 
The  latter  animal  had  an  extremely  long  neck  and  small  head,  with 
teeth  like  those  of  the  crocodile,  and  paddles  analogous  to  those  of 
the  IcAtkj/otaUTfo,  but  larger.  It  is  supposed  to  have  lived  in 
shallow  seas  and  estuaries,  and  to  have  breathed  air  tike  the  Ichtbjo- 
«aur,  and  our  modern  cetacea-f  Some  of  the  reptiles  above  men- 
tioned were  of  formidable  dimen^ons.  One  specimen  of  Ichtkyo- 
taurut  platyodon,  from  the  lias  at  Lyme,  now  in  the  British  Ma- 
Beuni,  must  bare  belonged  to  an  animal  more  than  24  feet  in 
length ;  and  another  of  the  Ptetituaurtu,  in  the  some  collection,  is 
1 1  feet  long.  The  form  of  the  Jchlkyoiaurvt  may  have  fitted  it 
to  cut  through  the  waves  like  the  porpoise ;  but  it  is  supposed  that 
the  I^etiosattnu,  at  least  the  long-necked  species  (fig.  311-),  was 
better  suited  to  fish  in  shallow  creeks  and  bays  defended  from  heavj 
breakers. 

In  many  specimens  botli  of  Icthyosaur  and  Flesiosaur  the  bones 
of  the  head,  neck,  and  tail,  are  in  their  natural  position,  while  those 
of  the  rest  of  the  skeleton  are  detached  and  in  coafuaion.  Mr.  Stutch- 
burg  has  suggested  that  their  bodies  after  death  became  inflated  with 
gases,  and,  wliile  the  abdominal  viscera  were  decomposing,  the  bones, 
though  disunited,  were  retained  within  the  tough  dermal  covering 
as  in  a  bag,  until  the  whole,  becoming  water-logged,  sank  to  the 
bottom.}  As  they  belonged  to  individuals  of  all  ages  they  are  sup- 
l>osed,  by  Dr.  Buckland,  to  have  experienced  a  violent  death ;  and 
the  same  conclusion  might  also  be  drawn  from  their  having  escaped 
the  attacks  of  their  own  predacious  race,  or  of  fishes,  found  fossil  in 
the  same  beds. 

For  the  last  twenty  years,  anatomists  have  agreed  that  these  ex- 
tinct sauriane  mast  have  inhabited  the  sea  ;  and  it  was  argued  that, 
as  there  are  now  cbelonians,  like  the  tortoise,  living  in  fresh  water, 

*  Qeol.  Trani.,  Second  Serieai  toL  L  T)-biu.  ;  and  Bocklond,  Bridg«w.  Treat., 
pL  *9.  p,  a03. 

t  Conjrbeare  aad  Dq  laBecho,  Oeol       %  Qooit.  Q«d.  Joora.  voLu.^411, 
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and  others,  as  the  turtle,  frequenting  the  ocean,  so  there  mhy  have 
been  formerly  some  saurians  proper  to  salt,  others  to  fresh  water. 
The  comaioa  crocodile  of  the  Ganges  is  well  known  to  frequent 
equally  that  river  and  the  brackish  and  salt  water  near  its  mouth } 
and  crocodiles  are  said  in  like  manner  to  be  abundant  both  in  the 
rivers  of  the  lala  de  Finos  (or  Isle  of  Knea),  south  of  Cuba,  and  in 
the  open  sea  round  the  coast.  More  recently  a  saurian  has  been  dis- 
covered of  aquatic  habits  and  exclusivelj  marine.  This  creature  was 
found  in  the  Galapagos  Islands,  during  the  visit  of  H.  M.  S.  Beagle 
to  that  archipelago,  in  1835,  and  its  habits  were  then  observed  by 
Mr.  Darwin.  The  islands  alluded  to  are  situated  under  the  equator, 
nearly  600  miles  to  the  westward  of  the  coast  of  South  America. 
They  are  volcanic,  some  of  them  being  3000  or  4000  feet  high; 
and  one  of  them,  Albemarle  Island,  75  miles  long.  The  climate  is 
mild ;  very  little  rain  fulls ;  and,  in  the  whole  archipelago,  there 
is  only  one  rill  of  fresh  water  that  reaches  the  coast.  The  soil  is  for 
the  most  part  dry  and  harsh,  and  the  vegetation  scanty.  The  birds, 
reptiles,  plants,  and  insects  are,  with  very  few  exceptions,  of  species 
found  no  where  else  in  the  world,  although  all  partake,  in  their 
general  form,  of  a  South  American  type.  Of  the  mammalia,  saya 
Mr.  Darwin,  one  species  alone  appears  to  be  indigenous,  namely,  a 
large  and  peculiar  kind  of  mouse;  but  the  number  of  lizards,  tor- 
toises, and  snakes  is  so  great,  that  it  may  be  called  a  land  of  reptiles. 
The  variety,  indeed,  of  species  is  small ;  but  the  individuals  of  each 
are  in  wonderful  abundance.  There  is  a  turtle,  a  large  tortoise 
{  Testudo  Indieus),  four  lizni'ds,  and  about  the  same  number  of  snakes, 
but  no  frogs  or  toads.  Two  of  the  lizards  belong  to  the  family 
Iguanida  ot  Bell,  and  to  a  peculiar  genus  (^Amblyr/ii/nc/itit)  esta- 
blished by  that  naturalist,  and  so  named  from  their  obtusely  trun- 
cated head  and  ghort  snout.*  Of  these  lizards  one  is  terrestrial  in 
its  habits,  and  burrows  in  the  ground,  swarming  everywhere  on  the 
land,  having  a  round  tail,  and  a  mouth  somewhat  resembling  in  form 
that  of  the  tortoise.  The  other  is  aquatic,  and  has  its  tail  flattened 
laterally  for  swimming  (see  fig.  313.).     "  ITiis  marine  saurian,"  says 
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Mr.  Darwin,  *'  is  extremelj  common  on  all  the  islands  throughont 
the  archipelago.  It  lives  exclusively  on  the  rockj  sea-beaches,  and 
I  never  saw  one  even  ten  jards  inshore.  The  usual  length  is  about 
a  yard,  but  there  are  some  even  4  feet  long.  It  is  of  a  dirty  black 
colour,  sluggish  in  its  movements  on  the  land ;  but,  when  in  the 
water,  it  swims  with  perfect  ease  and  quickness  by  a  serpentine 
movement  of  its  body  and  flattened  tail,  the  legs  during  this  time 
being  motionless,  and  closely  collapsed  on  its  sides.  Their  limbs  and 
strong  claws  are  admirably  adapted  for  crawling  over  the  nigged  and 
fissured  masses  of  lava  which  everywhere  form  the  coast.  In  snch 
situations,  a  group  of  six  or  seven  of  these  hideous  reptiles  may  often* 
times  be  seen  on  the  black  rocks,  a  few  feet  above  the  snrf^  bask- 
ing in  the  sun  with  outstretched  legs.  Their  stomachs,  on  being 
opened,  were  found  to  be  largely  distended  witli  minced  sea-weed,  of 
a  kind  which  grows  at  the  bottom  of  the  sea  at  some  little  distance 
from  the  coast.  To  obtain  this,  the  lizards  go  out  to  sea  in  shoals. 
One  of  these  animals  was  sunk  in  salt  water,  from  the  ship,  with 
a  heavy  weight  attached  to  it,  and  on  being  drawn  up  again  after 
an  hour  it  was  quite  active  and  unharmed.  It  is  not  yet  known  by 
the  inhabitants  where  this  animal  lays  its  eggs;  a  singular  fact» 
considering  its  abundance,  and  that  the  natives  are  well  acquainted 
with  the  eggs  of  the  terrestrial  Amblyrhynchus,  which  is  also  herbi- 
vorous."* 

In  those  deposits  now  forming  by  the  sediment  washed  away  from 
the  wasting  shores  of  the  Galapagos  Islands  the  remains  of  sauriana, 
both  of  the  land  and  sea,  as  well  as  of  chelonians  and  fish,  may  be 
mingled  with  marine  shells  without  any  bones  of  land  quadrupeds  or 
batrachian  reptiles ;  yet  even  here  we  should  expect  the  remains  of 
marine  mammalia  to  be  imbedded  in  the  new  strata,  for  there  are 
seals,  besides  several  kinds  of  cetacea,  on  the  Galapagian  shores ;  and, 
in  this  respect,  the  parallel  between  the  modem  fauna,  above  described, 
and  the  ancient  one  of  the  lias,  would  not  hold  good. 

Sudden  destruction  of  saurians.  —  It  has  been  remarked,  and 
truly,  that  many  of  the  fish  and  saurians,  found  fossil  in  the  lias,  must 
have  met  with  sudden  death  and  immediate  burial ;  and  that  the  de- 
structive operation,  whatever  may  have  been  its  nature,  was  often 
repeated. 

"  Sometimes,"  says  Dr.  Buckland,  "  scarcely  a  single  bone  or  scale 
as  been  removed  from  the  place  it  occupied  during  life ;  which  could 
not  have  happened  had  the  uncovered  bodies  of  these  saurians  been 
left,  even  for  a  few  hours,  exposed  to  putrefaction,  and  to  the  attacks 
of  fishes,  and  other  smaller  animals  at  the  botton  of  the  sea.^f  ^ot 
only  are  the  skeletons  of  the  Ichthyosaurs  entire,  but  sometimes  the 
contents  of  their  stomachs  still  remain  between  their  ribs,  as  before 
remarked,  so  that  we  can  discover  the  particular  species  of  fish  on 
which  they  lived,  and  the  form  of  their  excrements.  Not  unfre. 
quently  there  are  layers  of  these  coprolites,  at  different  depths  in  the 

*  Darwin's  Journal,  chap.  xiz.  f  Bridgew.  Treat,  p.  125. 
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lias,  at  a  distance  from  any  entire  skeletons  of  the  marine  lizards 
from  which  they  were  derived ;  "  as  if,  "  says  Sir  H.  de  la  Beche, 
'^  the  muddj  bottom  of  the  sea  received  small  sudden  accessions  of 
matter  from  time  to  time,  covering  up  the  coprolites  and  other  ex- 
uvias  which  had  accumulated  during  the  intervals."*  It  is  farther 
stated  that,  at  Lyme  Regis,  those  surfaces  only  of  the  coprolites 
which  lay  uppermost  at  the  bottom  of  the  sea  have  suffered  partial 
decay,  from  the  action  of  water  before  they  were  covered  and  pro- 
tected by  the  muddy  sediment  that  has  afterwards  permanently  en- 
veloped them.f 

Numerous  specimens  of  the  pen^nd-ink  fish  (Sepia  hligOy  Lin. ; 
Loligo  vulgaris^  Lam.)  have  also  been  met  with  in  the  lias  at  Lyme, 
with  the  ink-bags  still  distended,  containing  the  ink  in  a  dried  state, 
chiefly  composed  of  carbon,  and  but  slightly  impregnated  with  car- 
bonate of  lime.  These  cephalopoda,  therefore,  must,  like  the  sau- 
rians,  have  been  soon  buried  in  sediment ;  for,  if  long  exposed  after 
death,  the  membrane  containing  tbe  ink  would  have  decayed4 

As  we  know  that  river  fish  are  sometimes  stifled,  even  in  their 
own  element,  by  muddy  water  during  floods,  it  cannot  be  doubted 
that  the  periodical  discharge  of  large  bodies  of  turbid  fresh  water  into 
the  sea  may  be  still  more  fatal  to  marine  tribes.  Li  the  Principles 
of  Greology,  I  have  shown  that  large  quantities  of  mud  and  drowned 
animals  have  been  swept  down  into  the  sea  by  rivers  during  earth- 
quakes, as  in  Java,  in  1699 ;  and  that  undescribable  multitudes  of 
dead  fishes  have  been  seen  floating  on  the  sea  after  a  discharge  of 
noxious  vapours  during  similar  convulsions.§  But,  in  the  intervals 
between  such  catastrophes,  strata  may  have  accumulated  slowly  in 
the  sea  of  the  lias,  some  being  formed  chiefly  of  one  description  of 
shelly  such  as  ammonites,  others  of  gryphites. 

From  the  above  remarks  the  reader  will  infer  that  the  lias  is  for 
the  most  part  a  marine  deposit.  Some  members,  however,  of  the 
series,  especially  in  the  lowest  part  of  it,  have  an  estuary  character, 
and  must  have  been  formed  within  the  influence  of  rivers.  In 
Gloucestershire,  where  there  is  a  good  type  of  the  lias  of  the  West 
of  England,  it  may  be  divided  into  an  upper  mass  of  shale  with  a 
base  of  marlstone,  and  a  lower  series  of  shales  with  underlying  lime- 
stones and  shales.  We  learn  from  the  researches  of  the  Rev.  P.  B. 
Brodie  ||,  that  in  the  superior  of  these  two  divisions  numerous  re- 
mains of  insects  and  plants  have  been  detected  in  several  places, 
mingled  with  marine  shells ;  but  in  the  inferior  division  similar  fossils 
are  still  more  plentiful.  One  band,  rarely  exceeding  a  foot  in  thick- 
ness, has  been  named  the  "insect  limestone."  It  passes  upwards 
into  a  shale  containing  CyprUy  and  is  charged  with  the  wing-cases 
of  several  genera  of  coleoptera,  and  with  some  nearly  entire  beetles, 
of  which  the  eyes  are  preserved.     The  nervures  of  the  wings  of 


*  Geological  Researches,  p.  334.  §  See  Principles,  Indut^   Lancerote, 

Backland,  Bridgew.  Treat,  p.  307.      Graham  Island,  Calabria. 
Ibid.  II  A  History  of  Fossil  Insects,  &c. 

1845.    Ixmdon. 
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^  neoropteroiis  insects  (fig.  314.)  are  beaa- 

tifuUj  perfect  in  this  bed.    Ferns,  with 

leaves  of  monocotjledonous  plants,  and 

freshwater  shells,  such   as   Cyclas  and 

Unioj   accompanj  the   insects  in  some 

winfofan«ropterou»in»ert/frointbe  places,    whUe  in   othcFs   marine   shells 

Lower  Lia»,  Gloucesterfthtre.    (Rer.    r      ^     »  ^  ,        /.       ., 

B.  Brodie.)  predominate,  the  fossils  yarying  appa* 

rentlj  as  we  examine  the  bed  nearer  or  farther  from  the  ancient 
land,  or  the  source  whence  the  fresh  water  was  derived.  There  are 
two,  or  even  three,  bands  of  *'  insect  limestone  "  in  several  sections, 
and  thej  have  been  ascertained  by  Mr.  Brodie  to  retain  the  same 
lithological  and  zoological  characters  when  traced  from  the  centre 
of  Warwickshire  to  the  borders  of  the  southern  part  of  Wales.  AAer 
studying  300  specimens  of  these  insects  from  the  lias,  Mr.  West- 
wood  declares  that  they  comprise  both  wood-eating  and  herb-devour- 
ing beetles  of  the  Linnean  genera  Carabtu,  Eiater,  &C.,  besides 
grasshoppers  (  Grylliut\  and  detached  wings  of  dragon-flies  and  may- 
flies, or  insects  referable  to  the  Linnean  genera  Libellula,  Ephemera^ 
Hemerobiits^  and  Panorpa,  in  all  belonging  to  no  less  than  twenty- 
four  families.  The  size  of  the  species  is  usually  small,  and  such  as 
taken  alone  would  imply  a  temperate  climate;  but  many  of  the 
associated  organic  remains  of  other  classes  must  lead  to  a  different 
conclusion. 

Fossil  plants. —  Among  the  vegetable  remains  of  the  Lias,  several 
Pj    2,^  species  of  Zamia  have  been  found  at  Lyme 

Regis,  and  the  remains  of  coniferous  plants 
at  Whitby.  Fragments  of  wood  are  com- 
mon, and  often  converted  into  limestone. 
That  some  of  tliis  wood,  though  now  petri- 
fied, was  soft  when  it  first  lay  at  the  bot- 
tom of  the  sea,  is  shown  by  a  specimen  now 
in  the  museum  of  the  Geological  Society  (see  fig.  315.),  which  has 
the  form  of  an  ammonite  indented  on  its  surface. 

M.  Ad.  Brongniart  enumerates  forty-seven  liassic  acrogens, 
most  of  them  ferns ;  and  fifty  gymnogens,  of  which  thirty-nine  are 
cycads,  and  eleven  conifers.  Among  the  cycads  the  predominance 
of  Zamites  and  Ntlsonia,  and  among  the  ferns  the  numerous  genera 
with  leaves  having  reticulated  veins  (as  in  ^fig.  296.  p.  272.),  are 
mentioned  as  botanical  characteristics  of  this  era.* 

Origin  of  the  Oolite  and  Lias, — J£  we  now  endeavour  to  restore, 
in  imagination,  the  ancient  condition  of  the  European  area  at  the 
period  of  the  Oolite  and  Lias,  we  must  conceive  a  sea  in  which  the 
growth  of  coral  reefs  and  shelly  limestones,  after  proceeding  without 
interruption  for  ages,  was  liable  to  be  stopped  suddenly  by  the  de- 
position of  clayey  sediment.  Then,  again,  the  argillaceous  matter^ 
devoid  of  corals,  was  deposited  for  ages,  and  attained  a  thickness  of 
hundreds  of  feet,  until  another  period  arrived  when  the  same  space 

*  Tableau  des  Ycg.  Foss.  1849.  p.  105. 
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was  again  occupied  by  calcareous  sand,  or  solid  rocks  of  shell  and 
coral,  to  be  again  succeeded  by  the  recurrence  of  another  period  of 
argillaceous  deposition.  Mr.  Conjrbeare  has  remarked  of  the  entire 
group  of  Oolite  and  Lias,  that  it  consists  of  repeated  alternations  of 
claj,  sandstone^  and  limestone,  following  each  other  in  the  same 
order.  Thus  the  clays  of  the  lias  are  followed  by  the  sands  of  the 
inferior  oolite,  and  these  again  by  shelly  and  coralline  limestone 
(Bath  oolite,  &c.) ;  so,  in  the  middle  oolite,  the  Oxford  clay  is  fol- 
lowed by  calcareous  grit  and  "coral  rag;**  lastly,  in  the  upper 
oolite,  the  Kimmeridge  clay  is  followed  by  the  Portland  sand  and 
limestone.*  The  clay  beds,  however,  as  Sir  H.  De  la  Beche  re- 
marks, can  be  followed  over  larger  areas  than  the  sands  or  sand-i 
8tones.f  It  should  also  be  remembered  that  while  the  oolitic  system 
becomes  arenaceous,  and  resembles  a  coal-field  in  Yorkshire,  it  as- 
sumes, in  the  Alps,  an  almost  purely  calcareous  form,  the  sands  and 
clays  being  omitted ;  and  even  in  the  intervening  tracts,  it  is  more 
complicated  and  variable  than  appears  in  ordinary  descriptions. 
Nevertheless,  some  of  the  clays  and  intervening  limestones  do,  in 
reality,  retain  a  pretty  uniform  character,  for  distances  of  from  400 
to  600  miles  from  east  to  west  and  north  to  south. 

According  to  M.  Thirria,  the  entire  oolitic  group  in  the  depart- 
ment of  the  Haute  Sa6ne,  in  France,  may  be  equal  in  thickness  to 
that  of  England ;  but  the  importance  of  the  argillaceous  divisions  is 
in  the  inverse  ratio  to  that  which  they  exhibit  in  England,  where 
they  are  about  equal  to  twice  the  thickness  of  the  limestones,  whereas, 
in  the  part  of  France  alluded  to,  they  reach  only  about  a  third  of  that 
thickness4  In  the  Jura  the  clays  are  still  thinner  ;  and  in  the  Alps 
they  thin  out  and  almost  vanish. 

In  order  to  account  for  such  a  succession  of  events,  we  may  ima- 
gine, first,  the  bed  of  the  ocean  to  be  the  receptacle  for  ages  of  fine 
argillaceous  sediment,  brought  by  oceanic  currents,  which  may  have 
communicated  with  rivers,  or  with  part  of  the  sea  near  a  wasting 
coast.  This  mud  ceases,  at  length,  to  be  conveyed  to  the  same  re- 
gion, either  because  the  land  which  had  previously  suffered  denuda- 
tion is  depressed  and  submerged,  or  because  the  current  is  deflected 
in  another  direction  by  the  altered  shape  of  the  bed  of  the  ocean  and 
neighbouring  dry  land.  By  such  changes  the  water  becomes  once 
more  clear  and  fit  for  the  growth  of  stony  zoophytes.  Calcareous 
sand  is  then  formed  from  comminuted  shell  and  coral,  or,  in  some 
cases,  arenaceous  matter  replaces  the  clay ;  because  it  commonly 
happens  that  the  finer  sediment,  being  first  drifted  farthest  from 
coasts,  is  subsequently  overspread  by  coarse  sand,  after  the  sea  has 
grown  shallower,  or  when  the  land,  increasing  in  extent^  whether  by 
upheaval  or  by  sediment  filling  up  parts  of  the  sea,  has  approached 
nearer  to  the  spots  first  occupied  by  fine  mud. 

In  order  to  account  for  another  great  formation,  like  the  Oxford 

*  Con.  and  FhiL,  p.  166.  %  Barat*8  D'Aubmsson,  torn.  vL  p.  456. 

-f  Geol  Researches,  p.  337. 
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dm jy  again  eowautg  one  of  canl  limestoDe,  we  must  wimwiae  m  ank- 
ing  down  like  that  which  is  now  taking  pkee  in  some  ^»xigtii»g 
regiona  of  conl  between  Aostrdia  mod  Sooth  Ameriea.  Tbe 
occurrence  of  aabaidencea^  on  so  rast  m  scmle,  mmj  hare  caosed  the 
bed  of  tbe  ocean  and  the  adjmiing  land,  throoghoot  great  parts  of 
the  European  area,  to  assome  a  shape  fiiToorable  to  the  depoaition  of 
another  set  of  dajej  strata ;  and  this  change  ma j  hare  been  sue- 
eeeded  bj  a  series  of  erents  analogoos  to  that  alreadj  explained,  and 
these  again  bj  a  third  series  in  similar  order.  Both  the  ascending 
and  descending  moTcments  maj  have  been  extremely  slow,  like  those 
now  going  on  in  the  Pacific ;  and  the  growth  of  CTerj  stratum  of 
ecval,  a  few  feet  in  thickness,  maj  hare  required  centuries  for  Its 
completion,  during  which  certain  species  of  organic  beings  disap- 
peared from  the  earth,  and  others  were  introduced  in  their  place  ;  so 
that,  in  each  set  of  strata,  from  the  Upper  Oolite  to  the  Liaa^  some 
peculiar  and  dumurteristic  fossils  were  imbedded. 

OoiUe  and  Lias  of  ike  UnUed  Staies. 

Tliere  are  large  tracts  on  the  globe,  as  in  Russia  and  the  United 
States,  where  all  the  members  of  the  oolitic  series  are  unr^re- 
sented  In  the  State  of  Virginia,  however,  at  the  distance  of  about  13 
miles  eastward  of  Richmond,  the  capital  of  that  State,  there  is  a 
regular  coal-field  occurring  in  a  depression  of  the  granitic  rocks  (see 
section,  fig.  316.),  which  Professor  W.  B.  Rogers  first  correctlj  le- 

It  iu 


Scctloo  tbowiog  the  geological  potition  of  tbe  James  BiTer,  or  East  Virginian  CoaUfleU. 
A.  Cffanite,  gneisa,  ftc.  B.  Caal-meamirea. 

C.  Tertiary  itraU.  D.  Drift  or        '    " 


ferred  to  tbe  age  of  the  lower  part  of  the  Jurassic  group.  This 
opinion  I  was  enabled  to  confirm  after  collecting  a  large  number  of 
fossil  plants,  fish,  and  shells,  and  examining  the  coal-field  throughout 
its  whole  area.  It  extends  26  miles  from  north  to  south,  and  from  4 
to  12,  from  east  to  west.  The  plants  consist  chiefij  of  zamites,  cala- 
mites,  and  equisetums,  and  these  last  are  verj  commonly  met  with  in 
a  vertical  position  more  or  less  compressed  perpendicularly.  It  is 
dear  that  they  grew  in  the  places  where  they  now  lie  buried  in  strata 
of  hardened  sand  and  mud.  I  found  them  maintaining  their  erect 
attitude,  at  points  many  miles  distant  from  others,  in  beds  both  above 
and  between  the  seams  of  coal.  In  order  to  explain  this  fact  we  must 
suppose  such  shales  and  sandstones  to  have  been  gradually  accumulated 
during  the  slow  and  repeated  subsidence  of  the  whole  region. 

It  is  worthy  of  remark  that  the  Equisetum  columnare  of  these 
Virginian  rocks  appears  to  be  undistinguishable  from  the  species 
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found  in  the  oolitic  saudstones  near  Whitby  in  Torkshire,  where  it 
also  is  met  with  in  an  upright  position.  One  of  the  American  ferns, 
Pecopterit  fVhUbyetuu,  is  also  a  species  common  to  the  Torkshire 
oolites.*  These  Virginian  coal-measures  are  composed  of  grits, 
sandstones,  and  shales,  exactly  resembling  those  of  older  or  primary 
date  in  America  and  Europe,  and  they  rival  or  even  surpass  the 
latter  in  the  richness  and  thickness  of  the  seams.  One  of  these,  the 
main  seam,  is  in  some  places  from  30  to  40  feet  thick,  composed  of 
pure  bituminous  coaL  On  descending  a  shaft  800  feet  deep,  in  the 
Blackheath  mines  in  Chesterfield  county,  I  found  myself  in  a  chamber 
more  than  40  feet  high,  caused  by  the  removal  of  this  coal.  Timber 
props  of  great  strength  sapported  the  roof,  but  they  were  seen  to 
bend  under  the  incumbent  weight.  The  coal  is  like  the  finest  kinds 
shipped  at  Kewcastle,  and  when  analysed  yields  the  same  proportions 
of  carbon  and  hydrogen,  a  foot  worthy  of  notice  when  we  consider 
that  this  fuel  has  been  derived  from  sn  assemblage  of  plants  very 
distinct  specifically,  and  in  part  generically,  from  those  which  have 
contributed  to  the  formation  of  the  ancient  or  paleozoic  coal. 

The  fossil  fish  of  these  Richmond  strata  belong  to  the  liassic  genus 
TetragonoUpu,  and  to  a  new  genus  which  I  have  called  Dietyi^^e, 
Shells  are  very  rare,  as  usually  in  all  coal-bearing  deposits,  but  a 
species  of  Poiidottomya  is  in  such  profusion  in  some  shaley  beds  as 
to  divide  them  like  the  plates  of  mica  in  micaceouB  shales  (see  fig. 
317.). 


cod-ilula,  Bklim«id,  Vlifliila. 


In  India,  especially  in  Cutch,  a  formation  occurs  clearly  referable  to 
the  oolitic  and  liassic  type,  as  shown  by  the  shells,  corals,  and  plants ; 
and  there  also  coal  has  been  procured  from  one  member  of  the  gronp. 
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Utv*«ft  5<rv  aai  Old  Bol 

fbsxrr  — K«op<!T  cad  tt»  f/wak  —  MwrVft aSk — F^^i  r*«'*»  '-^ 

M«^  fl^^op  in  Eut^Mii4 — BfJUt)A0tA  of  Axm^xeh  mad  Ass — Red  Sa=.<f 

Oiif'xKMiam—Ongm  </  Bxxl  SawfaKKie  simI  Bock-«ik~HTpachaii  ctf" 
ytAtmitm  txhMlMKif/m — ThtfMj  c/  the  pnxifiucMm  of  «k  froa  mkad  IskcK  or 

\M^i0m%^hm\Ui0m  of  die  Bed  Sea— Xcrv  Bel  SaadMooe  in  the  Uaiied  Smcs 

VifmA  f'^Affhi/u  *d  birdi  axkd  reptilei  m  the  VaQej  of  the  GoooectieHt — Amit^uky 
f jf  Uie  Bed  hsAdjiooe  coouiiuDg  them. 


hr/tWKKJt  th«  liaa  and  the  CoaI,  or  Carboniferous  group,  there  is 
inU;rfK/fMrd«  in  the  midland  and  western  ooanties  of  England,  a  great 
in'.nf.n  iff  thA  loams,  shales,  and  sandstones,  to  which  the  name  of  tKe 
Nisw  \iiA  Sandstone  fc^mation  was  first  given,  to  distinguish  it  froim 
ifihi^r  fchales  and  sandstones  called  the  ^Old  Red"  (c,  Bg.  318.),  often 
id«;riti/:al  in  mineral  character,  which  lie  immediatelj  beneath  the 
coal  (fj). 

Fiff.  319. 


'".-^  >:^  -I 


a.  yew  red  taodtlooe. 


c.  Old 


The  name  of  **•  Red  Blarl"  has  been  incorrectly  applied  to  the  red 
clays  of  this  formation,  as  before  explained  (p.  13.),  for  thej  are 
remarkably  free  from  calcareous  matter.  The  absence,  indeed,  of 
carbonate  of  lime,  as  well  as  the  scarcity  of  organic  remains,  together 
with  the  bright  red  colour  of  most  of  the  rocks  of  this  group,  causes 
a  strong  contrast  between  it  and  the  Jurassic  formations  before  de- 
scribed. 

Before  the  distinct  relations  of  the  fossil  remains  characteriring 
the  upper  and  lower  part  of  the  English  New  Red  had  been  dis- 
tinctly recognized,  it  was  found  convenient  to  have  a  common  name 
for  all  the  strata  intermediate  in  position  between  the  Lias  and  Coal ; 
and  the  term  ''Poikilitic''  was  proposed  by  Messrs.  Conybeare  and 
Bucklund*,  from  ttoiiciXoc,  poikilos,  variegated^  some  of  the  most 
characteristic  strata  of  this  group  having  been  called  variegated  bj 
Werner,  from  their  exhibiting  spots  and  streaks  of  light-blue,  green, 
and  buff  colour,  in  a  red  base. 


*  Buckland,  Bridg.  Treat,  yoL  il  p.  38. 
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A  single  term,  thas  coroprebending  both  Upper  and  Lower  New 
Red,  or  the  Triaasic  and  Permian  groups  of  modero  classifications, 
may  still  be  aseful  in  describing  districts  where  we  have  to  speak  of 
masses  of  red  sandstone  and  shale,  referable,  in  part,  to  both  these 
eras,  but  which,  in  the  absence  of  fossils,  it  is  impossible  to  divide. 


Triat,  or  Upper  New  Bed  Sandstone  Group, 

The  accompanTing  table  will  explain  the  subdivisions  generally 
adopted  for  the  uppermost  of  the  two  systems  above  alluded  to,  and 
the  names  given  to  them  in  England  and  on  the  Continent. 


New  Red 
Sandstoae 


fa.  Saliferona  anil  gyp-1 

■eoua    ghalea    and  l-Kenper  -        -    Uainea  iiiseet. 
Upper  I  sandstone      -        -  J 

4.  („n.i.gi.E.gI„J)    M««h.lMk-j"^»^.. 

c.   Sandslone  and  quart-  "l  Ban 
sose  conglomerate -J     st 


1^  Qr^B  bigwig. 


I  shall  first  describe  this  group  as  it  occurs  in  South  Western  and 
North  Western  Grermany,  for  it  is  far  more  fully  developed  there 
than  in  England  or  France.  It  has  been  called  the  Trias  by  Gerniaa 
writers,  or  the  Triple  Group,  because  it  is  separable  into  three  distinct 
formations,  calied  the  "  Keuper,"  the  "  Muschelkalk,"  and  the  "  Bun- 
ter  Bandstein." 

The  Keuper,  the  first  or  newest  of  these,  is  1000  feet  thick  in 
Wirtemburg,  and  is  divided  by  Alberti  into  sandstone,  gypsum,  and 
carbonaceous  slate-clay.*  Remains  of  reptiles,  called  liathoiaurtu 
fi«-*>»-  and  PhyU)»auru»,  have  been  found  in  it 

with  Labyrinthodon ;  the  detached  teeth, 
also,  of  placoid  fish  and  of  rays,  and  of  the 
,  genera  Sauricthys  and  GyrolepU  (Rgs.  325, 
326,  p.  2S9).  The  plants  of  the  Keuper  are 
generically  very  analogous  to  those  of  the 
lias  and  oolite,  consisting  of  ferns,  equi' 
setaceous  plants,  cycads,  and  conifers, 
a.  Kfti/.  with  a  few  doubtful  monocotyledons.  A 
«m'!' MSd'™"iirt™''Sn»iM  fc  species,  such  m  Sqmsetitei  eolumnarU, 
ma^ifloL   Kiujier.  ^^g  common  to  this  group,  and  the  oolite. 

The  MutchelkalA  consists  chiefly  of  a  compact,  greyish  limestone, 
but  includes  beds  of  dolomite  in  many  places,  together  with  gypsum 
and  rock-salt.  This  limestone,  a  rock  whollyunrepresented  in  Eng- 
land, abounds  in  fossil  shell$<,  as  the  name  implies.  Among  the  ce- 
phalopoda there  are  no  belemnites,  and  no  ammonites  with  foliated 
sutures,  as  in  the  incumbent  lias  and  oolite,  hut  a  genus  allied  to  the 
Ammonite,  called  Ceratile  by  De  Haan,  in  which  the  descending 
lobes  (see  a,  b,  c,  fig.  320.)  terminate  in  a  few  small  denticulatioDB 
*  Moaog.  des  Bantea  Sandsttina. 


puA^r.^  ^awarit,     Aairoc  d«  scril-tc  meilB.  ;&«  J 


i*f   Antmlm  *VMfi«^   f^  33±t   bariaz  %   dxSsr  nop.  ■>  v^ry 


Tbft  abnndaMX  <4  tb«  head*  and  items  of  lOj  CBcrin:te^  facvi- 
mm*  lili^e^wu*  (ix  Emcrimita  mtomU^armW),  dKtv  the  dov  maniwr  m 
wLicfa  KitBe  bedt  of  tbu  liBBnbne  hare  been  formed  in  dear  k*- 
irat«r, 

7%«  BunUr  gandtUin  oonnitB  cJ  Tartoos  ctdoond  autistoava, 
i^Atunit^  and  red  daji,  with  tonm  bed?,  especially  in  the  Haitx,  of 
CalcaifMiu  piKflite  or  roe-atone,  the  whole  aomednes  attMnii^  s 
tbickmM  of  more  than  1000  feet.     The  sandstooe  of  the  Yaegta, 


ng.*)). 


according  to  Von  Uejer,  is  prored,  b^ 
the  presence  of  Labyrimtiodom,  to  belong 
to  this  lowest  member  of  the  Triune 
group-  AtSulzbad  (orSoultx-les-bains), 
near  Strasbarg,  on  the  flanks  of  the 
Vosges,  many  plants  have  been  obtained 
from  the  "banter,"  espedaUy  conifers 
of  the  extinct  genns  Voltzia,  pecoUmr 
to  this  period,  in  which  even  the  frnctili- 
cation  has  been  preserved.  (See  fig. 
) 
Out  of  tliirty  species  of  ferns,  cjcads, 
conifers,  and  other  plants,  enumerated  by  M.  Ad.  Brongniait,  in 
1B4W,  as  comint;  from  the  "gres  bigarr^,"  or  Bunter,  not  one  i* 
common  to  t)ic  Kcupcr.* 

*  Tableu  des  Omre*  de  Vcg.  Vot^  Diet  nnlr.  1849. 
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The  footprints  of  a  reptile  {Leibt/rinthodan)  have  been  observed  on 
the  clays  of  this  member  of  the  Trias,  near  Hildburghausen,  in  Sax- 
ony, impressed  on  the  upper  surface  of  the  beds,  and  standing  out  as 
casts  in  relief  from  the  under  sides  of  incumbent  slabs  of  sandstone. 
To  these  I  shall  again  allude  in  the  sequel ;  they  attest,  as  well  as 
the  accompanying  ripple-marks,  and  the  cracks  which  traverse  the 
clays,  the  gradual  formation  in  shallow  water,  and  sometimes  between 
high  and  low  water,  of  the  beds  of  this  formation. 


Triassic  group  in  England, 

In  England  the  Lias  is  succeeded  by  conformable  strata  of  red  and 
green  marl,  or  clay.  There  intervenes,  however,  both  in  the  neigh- 
bourhood of  Axmouth,  in  Devonshire,  and  in  the  cliffs  of  Westbury 
and  Aust,  in  Gloucestershire,  on  the  banks  of  the  Severn,  a  dark- 
coloured  stratum,  well  known  by  the  name  of  the  "  bone- bed."  It 
abounds  in  the  remains  of  saurians  and  fish,  and  was  formerly  classed 
as  the  lowest  bed  of  the  Lias ;  but  Sir  P.  E^erton  has  shown  that  it 
should  be  referred  to  the  Upper  New  Red  Sandstone,  for  it  contains 
an  assemblage  of  fossil  fish  which  are  either  peculiar  to  this  stratum, 
or  belong  to  species  well  known  in  the  Muschelkalk  of  Germany. 
These  fish  belong  to  the  genera  AcroduSy  HyboduSy  GyrolepiSy  and 
Saurichthys. 

Among  those  common  to  the  English  bone-bed  and  the  Muschel- 
kalk of  Germany  are  Hyhodus  plicatUis  (fig.  324.),  Saurichthys  api* 
calls  (fig.  325.),  Cryrolepis  tenuistriatus  (fig.  326.),  and  G,  Alhertiu 
Remains  of  saurians  have  also  been  found  in  the  bone-bed,  and  plates 
of  an  Encrintu. 


FIs.  395. 


Fig.  896. 


Fig.  824. 


Hybodus  plicalilit.    Teetb.    Booe-bed, 
Aust  and  Axmouth. 


Saurickikyt  apicaiit. 

Tooth  :  nat.  tise,  and 
magnified.   Axmouth. 


GyroUpit  tenmistriahu. 

Scale ;  nat.  aise,  and 
magnified.  Axmouth. 


The  Strata  of  red  and  green  marl,  which  follow  the  bone-bed  in 
the  descending  order  at  Axmouth  and  Aust,  are  destitute  of  organic 
remains ;  as  is  the  case,  for  the  most  part,  in  the  corresponding  beds 
in  almost  every  part  of  England.  But  fossils  have  lately  been  found 
at  a  few  localities  in  sandstones  of  this  formation,  in  Worcestershire 
and  Warwickshire,  and  among  them  the  bivalve  shell  called  Pasidonia 
minutay  Goldf.,  before  mentioned  (fig.  321.  p.  288.). 

The  upper  member  of  the  English  **  New  Red "  containing  this 
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shell,  in  those  parts  of  England,  is,  according  Xo  Measrs.  Mnrchiaon 
and  Strickland,  600  feet  thick,  and  consists  chiefly  of  red  marl  or 
slate,  with  a  band  of  sandstone.  Spines  of  Hybodtu,  called  iekthyo- 
dorulites^  teeth  of  fishes,  and  footprints  of  reptiles,  with  remains  of 
a  saurian  called  Rhyncotaurug,  were  observed  bj  the  same  geologists 
in  these  strata.* 

In  Cheshire  and  Lancashire  the  gypseous  and  saliferous  red  shales 
and  loams  of  the  Trias  are  between  1000  and  1500  feet  thick.  Id 
some  places  lenticular  masses  of  rock-salt  are  interpolated  between 
the  argillaceous  beds,  the  origin  of  which  will  be  spoken  of  in  the 

The  lower  division  or  English  representative  of  the  "  Bunter  " 
attains  a  thickness  of  600  feet  in  the  counties  last  mentioned.  Be- 
sides red  and  green  shales  and  red  sandstones,  it  comprises  mucli 
soft  white  quartzose  sandstone,  in  which  the  trunks  of  silicified  trees 
have  been  met  with  at  Allesley  Hill,  near  Coventry.  Several  of 
them  were  a  foot  and  a  half  in  diameter,  and  some  yards  in  length, 
decidedly  of  coniferous  wood,  and  showing  rings  of  annual  growth.')' 
Impressions,  also,  of  the  footsteps  of  animals  have  been  detected  in 
Lancashire  and  Cheshire  in  this  formation.  Some  of  the  most  re- 
markable occur  a  few  miles  from  Liverpool,  in  the  whitish  quartioae 
sandstone  of  Storton  Hill,  on  the  west  side  of  the  Mersey.  They 
bear  a  close  resemblance  to  tracks  first  observed  in  a  member  of  the 
Upper  New  Bed  Sandstone,  at  the  village  of  Hesseberg,  near  Hild- 
burghausen,  in  Saxony,  to  which  I  have  already  alluded.  For  manj 
years  these  footprints  had  been  referred  to 
Fie'w.  B   large   unknown   quadruped,    provisionally 

named     Chirotherium    by  Professor    Kaup, 
because  the  marks  both  of  the  fore  and  hind 
feet  resembled  impressions  made  by  a  human 
hand.      (See  fig.  327.)      The   footmarks   at 
Hesseberg  are  partly  concave  and  partly  in 
relief;    the   former,  or  the  depressions,  ore 
seen  upon  the  upper  surface  of  the  sandstone 
slabs,  but  those  in  relief  are  only  upon  the 
lower  surfaces,  being  in  fact  natural  casts, 
~r^~.  Buni^'^ndiV^h,       formed    in    the   subjacent    footprints  as  in 
siioDrioiueigbiharnu.       moulds.    The  larger  impressions,  which  seem 
to  be  those  of  the  hind  foot,  are  generally 
8  inches  in  length,  and  5  in  width,  and  one  was  12  inches  long. 
Near  each  large  footstep,  and  at  a  regular  distance  (about  an  inch 

Fig.  MS. 
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and  a  half),  before  it,  a  smaller  print  of  a  fore  foot^  4  inches  long  and 
3  inches  wide,  occurs.  The  footsteps  follow  each  other  in  pairs,  each 
pair  in  the  same  line,  at  intervals  of  14  inches  from  pair  to  pair. 
The  large  as  well  as  the  small  steps  show  the  great  toes  alternately 
on  the  right  and  left  side ;  each  step  makes  the  print  of  five  toes,  the 
first  or  great  toe  being  bent  inwards  like  a  thumb.  Though  the  fore 
and  hind  foot  differ  so  much  in  size,  thej  are  nearly  similar  in 
form. 

The  similar  footmarks  afterwards  observed  in  a  rock  of  corre- 
sponding age  at  Storton  Hill,  were  imprinted  on  five  thin  beds  of 
clay,  superimposed  one  upon  the  other  in  the  same  quarry,  and 
separated  by  beds  of  sandstone.  On  the  lower  surface  of  the  sand- 
stone strata,  the  solid  casts  of  each  impression  are  salient,  in  high 
relief,  and  afford  models  of  the  feet,  toes,  and  daws  of  the  animals 
which  trod  on  the  clay. 

As  neither  in  Grermany  nor  in  England  any  bones  or  teeth  had 
been  met  with  in  the  same  identical  strata  as  the  footsteps,  anato- 
mists indulged,  for  several  years,  in  various  conjectures  respecting 
the  mysterious  animals  from  which  they  might  have  been  derived. 
Professor  Kaup  suggested  that  the  unknown  quadruped  might  have 
been  allied  to  the  Marsupiaiia ;  for  in  the  kangaroo  the  first  toe  of 
the  fore  foot  is  in  a  similar  manner  set  obliquely  to  the  others,  like  a 
thumb,  and  the  disproportion  between  the  fore  and  hind  feet  is  also 
very  great.  But  M.  link  conceived  that  some  of  the  four  species 
of  animals  of  which  the  tracks  had  been  found  in  Saxony  might  have 
been  gigantic  Bairachians;  and  Dr.  Buckland  designated  some  of 
the  footsteps  as  those  of  a  small  web-footed  animal,  probably  croco- 
dilean. 

In  the  course  of  these  discussions  several  naturalists  of  Liverpool, 
in  their  report  on  the  Storton  quarries,  declared  their  opinion  that 
each  of  the  thin  seams  of  clay  in  which  the  sandstone  casts  were 
moulded  had  formed  successively  a  surface  above  water,  over  which 
the  Chirotherium  and  other  animals  walked,  leaving  impressions  of 
their  footsteps,  and  that  each  layer  bad  been  afterwards  submerged 
by  a  sinking  down  of  the  surface,  so  that  a  new  beach  was  formed  at 
low  water  above  the  former,  on  which  other  tracks  were  then  made. 
The  repeated  occurrence  of  ripple-marks  at  various  heights  and 
depths  in  the  red  sandstone  of  Cheshire  had  been  explained  in  the 
same  manner.  It  was  also  remarked  that  impressions  of  such  depth 
and  clearness  could  only  have  been  made  by  animals  walking  on  the 
land,  as  their  weight  would  have  been  insufficient  to  make  them  sink 
so  deeply  in  yielding  clay  under  water.  They  must  therefore  have 
been  air-breathers. 

When  the  inquiry  had  been  brought  to  this  point,  the  reptilian 
remains  discovered  in  the  Trias,  both  of  Germany  and  England, 
were  carefully  examined  by  Mr.  Owen.  He  found,  after  a  micro- 
scopic investigation  of  the  teeth  from  the  German  sandstone  called 
Eeuper,  and  from  the  sandstone  of  Warwick  and  LeamingtoUi  thikt 
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neither  of  them  could  be  referred  to  true  sanrians,  although  thej  had 

beeu  named  Mattodontauru*  and  Phytotauru*  hj 

"»■  ™-         Jager  (flg.  329.).     It  appeared  that  they  were  of  the 

Batraehian  order,  and  attested  the  former  existence 

of  frogs  of  gigantic  dimensions  in  comparison  with 

any  now  living.     Both  the  Continental  and  English 

foasil  teeth  exhibited  a  most  complicated  texture 

dillering  from  that  previously  observed  in  any  rep- 

-  tile,  whether  recent  or  extinct,  but  most  nearly  an^. 

Sct^S^taSKT""  logoufl  to  the  leAlhyotaurut.     A  section  of  one  of 

these  teeth  exhibits  a  series  of  irregular  ft^ds^  reaem- 

bling  the  labyrinthic  windings  of  the  surface  of  the  brain :  and  from 

this  character  Mr.  Owen  has  propooed  the  name  Labyrinthodim  for  the 

new  genus.     By  his  permission,  the  annexed  representation  (fig.  330.) 

of  part  of  one  is  given  from  his  "  Odontography,"  plate  64.  A.    The 

entire  length  of  this  tooth  is  supposed  to  have  been  about  three  inches 

and  a  hal(  and  the  breadth  at  the  base  one  inch  and  a  half. 


TruiierM  tectlOD  of  toMh  or  Zdt«rAU»iii<«  JwikW.  OwcD  (MoftodnjOHH  Jk|(aY, 
a.  Pulp  aillr.  flon  wblcb  tbsprouuaDfiialpuiddHilliM  ndtite. 

When  Mr.  Owen  had  satisfied  himself,  from  an  inspection  of  the 
cranium,  jaws,  and  teeth,  that  a  gigantic  Batraehian  had  existed  at 
the  period  of  the  Trias  or  Upper  New  Bed  Sandstone,  be  eooa  found, 
from  the  examination  of  various  bones  derived  from  the  some  forma- 
tion, that  he  could  define  three  species  of  Labyrinthodon,  and  that  in 
this  genus  the  hind  extremities  were  much  larger  than  the  anterior 
ones.  This  circumstance,  coupled  with  the  fact  of  the  Labyrinthodoft 
having  existed  at  the  period  when  the  Ckirotheriatt  footsteps  were 
made,  was  the  first  step  towards  the  identification  of  those  tracka 
with  the  newly  discovered  Batraehian.  It  was  at  the  same  time 
observed  that  the  footmarks  of  ChiTotkerium  were  more  like  those 
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of  toads  than  of  any  other  living  animal ;  and,  lastly,  that  the  size  of 
the  three  species  of  Lahyrinthodon  corresponded  with  the  size  of 
three  different  kinds  of  footprints  which  had  already  been  supposed 
to  belong  to  three  distinct  Chirotheria.  It  was  moreover  inferred, 
with  confidence,  that  the  Lahyrinthodon  was  an  air-breathing  reptile, 
from  the  structure  of  the  nasal  cavity,  in  which  the  posterior  outlets 
were  at  the  back  part  of  the  mouth,  instead  of  being  directly  under 
the  anterior  or  external  nostrils.  It  must  have  respired  air  after 
the  manner  of  saurians,  and  may  therefore  have  imprinted  on  the 
shore  those  footsteps,  which,  as  we  have  seen,  could  not  have  origi- 
nated from  an  animal  walking  under  water. 

It  is  true  that  the  structure  of  the  foot  is  still  wanting,  and  that  a 
more  connected  and  complete  skeleton  is  required  for  demonstration  ; 
but  the  circumstantial  evidence  above  stated  is  strong  enough  to  pro- 
duce the  conviction  that  the  Chirotherium  and  Lahyrinthodon  are 
one  and  the  same. 

In  order  to  show  the  manner  in  which  one  of  these  formidable 
Batrachians  may  have  impressed  the  mark  of  its  feet  upon  the 
shore,  Mr.  Owen  has  attempted  a  restoration,  of  which  a  reduced 
copy  is  annexed. 

Fig.  331.: 


-■-:-__: — «^: 

W-^ 

■««> 



LaSifrimikodom  packpgnaikuSt  Owen. 

The  only  bones  of  this  species  at  present  known  are  those  of  the 
head,  the  pelvis,  and  part  of  the  scapula,  which  are  shown  by  stronger 
lines  in  the  above  figure.  There  is  reason  for  believing  that  the 
head  was  not  smooth  externally,  but  protected  by  bony  scutella. 

Origin  of  Red  Sandstone  and  Rock  Salt, 

We  have  seen  that,  in  various  parts  of  the  world,  red  and  mottled 
clays,  and  sandstones,  of  several  distinct  geological  epochs,  are  found 
associated  with  salt,  gypsum,  magnesian  limestone,  or  with  one  or  all 
of  these  substances.  There  is,  therefore,  in  all  likelihood,  a  general 
cause  for  such  a  coincidence.  Nevertheless,  we  must  not  forget  that 
there  are  dense  masses  of  red  and  variegated  sandstones  and  clays, 
thousands  of  feet  in  thickness,  and  of  vast  horizontal  extent,  wholly 
devoid  of  saliferous  or  gypseous  matter.  There  are  also  deposits  of 
gypsum  and  of  muriate  of  soda,  as  in  the  blue  clay  formation  of 
Sicily,  without  any  accompanying  red  sandstone  or  red  clay. 

To  account  for  deposits  of  red  mud  and  red  sand,  we  have  simply 

n  3 
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to  suppose  the  disintegration  of  ordinary  crystalline  or  metamorpbic 
schists.  Thus,  in  the  eastern  Grampians  of  Scotland,  as,  for  example, 
in  the  north  of  Forfarshire,  the  mountains  of  gneiss,  mica-schist,  and 
clay-slate,  are  overspread  with  alluvium,  derived  from  the  disinte- 
gration of  those  rocks  ;  and  the  mass  of  detritus  is  stained  by  oxide 
of  iron,  of  precisely  the  same  colour  as  the  Old  Red  Sandstone  of  the 
adjoining  Lowlands.  Now  this  alluvium  merely  requires  to  be  swept 
down  to  the  sea,  or  into  a  lake,  to  form  strata  of  red  sandstone  and 
red  marl,  precisely  like  the  mass  of  the  "  Old  Red"  or  New  Red 
systems  of  England,  or  those  tertiary  deposits  of  Auvergne  (see 
p.  182.),  before  described,  which  are  in  lithological  characters  quite 
undistinguishable.  The  pebbles  of  gneiss  in  the  Eocene  red  sand- 
stone of  Auvergne  point  clearly  to  the  rocks  from  which  it  has  been 
derived.  The  red  colouring  matter  may,  as  in  the  Grampians,  have 
been  furnished  by  the  decomposition  of  hornblende,  or  mica,  which 
contain  oxide  of  iron  in  large  quantity. 

It  is  a  general  fact,  and  one  not  yet  accounted  for,  that  scarcely 
any  fossil  remains  are  preserved  in  stratified  rocks  in  which  this 
oxide  of  iron  abounds ;  and  when  we  find  fossils  in  the  New  or  Old 
Red  Sandstone  in  England,  it  is  in  the  grey,  and  usually  calcareous 
beds,  that  they  occur. 

The  gypsum  and  saline  matter,  occasionally  interstratified  with 
such  red  clays  and  sandstones  of  various  ages,  primary,  secondary^ 
and  tertiary,  have  been  thought  by  some  geologists  to  be  of  volcanic 
origin.  Submarine  and  subaerial  exhalations  often  occur  in  regions 
of  earthquakes  and  volcanos  far  from  points  of  actual  eruption,  and 
charged  with  sulphur,  sulphuric  salts,  and  with  common  salt  or 
muriate  of  soda.  In  a  word,  they  are  vents  by  which  all  the  products 
which  issue  in  a  state  of  sublimation  from  the  craters  of  active 
volcanos,  obtain  a  passage  from  the  interior  of  the  earth  to  the 
surface.  That  such  gaseous  emanations  and  mineral  springs,  im- 
pregnated with  the  ingredients  before  enumerated,  and  often  intensely 
heated,  continue  to  fiow  out  unaltered  in  composition  and  temperature 
for  ages,  is  well  known.  But  before  we  can  decide  on  their  real 
instrumentality  in  producing  in  the  course  of  ages  beds  of  gypsum, 
salt,  and  dolomite,  we  require  to  know  what  are  the  chemical  changes 
actually  in  progress  in  seas  where  this  volcanic  agency  is  at 
work. 

Yet  the  origin  of  rock-salt  is  a  problem  of  so  much  interest  in 
theoretical  geology  as  to  demand  a  full  discussion  of  another  hypo- 
thesis advanced  on  the  subject ;  namely,  that  which  attributes  the 
precipitation  of  the  salt  to  evaporation,  whether  of  inland  lakes  or  of 
lagoons  communicating  with  the  ocean. 

At  Northwich,  in  Cheshire,  two  beds  of  salt,  in  great  part  unmixed 
with  earthy  matter,  attain  the  extraordinary  thickness  of  90  and 
even  100  feet.  The  upper  surface  of  the  highest  bed  is  very  uneven, 
forming  cones  and  irregular  figures.  Between  the  two  masses  there 
intervenes  a  bed  of  indurated  clay,  traversed  with  veins  of  salt. 
The  highest  bed  thins  off  towards  the  south-west,  losing  15  feet  in 
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thickness  in  the  course  of  a  mile.*  The  horizontal  extent  of  these 
particular  masses  in  Cheshire  and  Lancashire  is  not  exactly  known ; 
but  the  area,  containing  saliferous  clajs  and  sandstones,  is  supposed 
to  exceed  150  miles  in  diameter,  while  the  total  thickness  of  the  ti-ias 
in  the  same  region  is  estimated  by  Mr.  Ormerod  at  more  than  1700 
feet.  Ripple-marked  sandstones,  and  the  footprints  of  animals,  before 
described,  are  observed  at  so  manj  levels  that  we  maj  safely  assume 
the  whole  area  to  have  undergone  a  slow  and  gradual  depression 
during  the  formation  of  the  Red  Sandstone.  The  evidence  of  such  a 
movement,  wholly  independent  of  the  presence  of  salt  itself,  is  very 
important  in  reference  to  the  theory  under  consideration. 

In  the  "Principles  of  Geology"  (chap.  28.),  I  published  a  map, 
furnished  to  me  by  the  late  Sir  Alexander  Burnes,  of  that  singular 
flat  region  called  the  Runn  of  Cutch,  near  the  delta  of  the  Indus, 
which  is  7000  square  miles  in  area,  or  equal  in  extent  to  about  one- 
fourth  of  Ireland.  It  is  neither  land  nor  sea,  but  is  dry  during  a 
part  of  every  year,  and  again  covered  by  salt  water  during  the  mon- 
soons.  Some  parts  of  it  are  liable,  after  long  intervals,  to  be  over- 
flowed by  river- water.  Its  surface  supports  no  grass,  but  is  en- 
crusted over,  here  and  there,  by  pure  salt,  about  an  inch  in  depth, 
caused  by  the  evaporation  of  sea-water.  Certain  tracts  have  been 
converted  into  dry  land  by  upheaval  during  earthquakes  since  the 
commencement  of  the  present  century,  and,  in  other  directions,  the 
boundaries  of  the  Runn  have  been  enlarged  by  subsidence.  That 
successive  layers  of  pure  salt  might  be  thrown  down,  one  upon  the 
other,  over  thousands  of  square  miles,  in  such  a  region,  is  undeniable. 
The  supply  of  brine  from  the  ocean  would  be  as  inexhaustible  as  the 
supply  of  heat  from  the  sun  to  cause  evaporation.  The  only  assump- 
tion required  to  enable  us  to  explain  a  great  thickness  of  salt  in  such 
an  area  is,  the  continuance,  for  an  indefinite  period,  of  a  subsiding 
movement,  the  country  preserving  all  the  time  a  general  approach  to 
horizontality.  Pure  salt  could  only  be  formed  in  the  central  parts  <^ 
basins,  where  no  sand  could  be  drifted  by  the  wind,  or  sediment 
be  brought  by  currents.  Should  the  sinking  of  the  ground  be  acce- 
lerated, so  as  to  let  in  the  sea  freely,  and  deepen  the  water,  a  tem- 
porary suspension  of  the  precipitation  of  salt  would  be  the  only 
result.  On  the  other  hand,  if  the  area  should  dry  up,  ripple-marked 
sands  and  the  footprints  of  animals  might  be  formed,  where  salt  had 
previously  accumulated.  According  to  this  view  the  thickness  of  the 
salt,  as  well  as  of  the  accompanying  beds  of  mud  and  sand,  becomes 
a  mere  question  of  time,  or  requires  simply  a  repetition  of  similar 
operations. 

Mr.  Hugh  Miller,  in  an  able  discussion  of  this  question,  refers  to 
Dr.  Frederick  Parrot's  account,  in  his  journey  to  Ararat  (1836),  of 
the  salt  lakes  of  Asia.  In  several  of  these  lakes  west  of  the  river 
Manech,  "  the  water,  during  the  hottest  season  of  the  year,  is  covered 
on  its  surface  with  a  crust  of  salt  nearly  an  inch  thick,  which  is  col- 

*  Ormerod,  Quart  OeoL  Jonm.  1848,  toL  iv.  p.  277. 
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lected  with  shovels  into  boats.  The  ciystallization  of  the  Bait  Is 
effected  bj  rapid  evaporation  from  the  son's  heat  and  the  snpersatiiTa- 
tion  of  the  water  with  muriate  of  soda ;  the  lake  being  so  shallow  that 
the  little  boats  trail  on  the  bottom  and  leave  a  furrow  behind  them,  so 
that  the  lake  must  be  regarded  as  a  wide  pan  of  enormous  super- 
ficial extent,  in  which  the  brine  can  easilj  reach  the  d^;ree  of  con- 
centration required." 

Another  traveller,  Major  Harris,  in  his  *^  Highlands  of  Ethiopia, " 
describes  a  salt  lake,  called  the  Bahr  Assal,  near  the  Abjasinian 
frontier,  which  once  formed  the  prolongation  of  the  Gulf  of  Tadjara, 
but  was  afterwards  cut  off  from  the  gulf  by  a  broad  bar  of  lava  or  of 
land  upraised  bj  an  earthquake.  ''  Fed  bj  no  rivers,  and  exposed  in 
a  burning  climate  to  the  unmitigated  rays  of  the  sun,  it  has  shrunk 
into  an  elliptical  basin,  seven  miles  in  its  transverse  axis,  half  filled 
with  smooth  water  of  the  deepest  caerulian  hue,  and  half  with  a  solid 
sheet  of  glittering  snow-white  salt,  the  offspring  of  evaporation." 
^'  If,"  says  Mr.  Hugh  Miller,  '^  we  suppose,  instead  of  a  barrier  of 
lava,  that  sand-bars  were  raised  by  the  surf  on  a  fiat  arenaceous  coast 
during  a  slow  and  equable  sinking  of  the  surface,  the  waters  of  the 
outer  gulf  might  occasionally  topple  over  the  bar,  and  supply  fresh 
brine  when  the  first  stock  had  been  exhausted  by  evaporation.* 

We  may  add  that  the  permanent  impregnation  of  the  waters  of  a 
large  shallow  basin  with  salt,  beyond  the  proportion  which  is  usual 
in  the  ocean,  would  cause  it  to  be  uninhabitable  by  mollusca  or  fish,  as 
is  the  case  in  the  Dead  Sea,  and  the  muriate  of  soda  might  remain  in 
excess,  even  though  it  were  occasionaUy  replenished  by  irruptions  of 
the  sea.  Should  the  saline  deposit  be  eventually  submerged,  it  might, 
as  we  have  seen  from  the  example  of  the  Runn  of  Cutch,  be  covered 
by  a  freshwater  formation  containing  fiuviatile  organic  remains ;  and 
in  this  way  the  apparent  anomaly  of  beds  of  sea-salt  and  days 
devoid  of  marine  fossils,  alternating  with  others  of  freshwater  origin, 
may  be  explained. 

Dr.  G.  Buist,  in  a  recent  communication  to  the  Bombay  Geographical 
Society  (vol.  ix.),  has  asked  how  it  happens  that  the  Red  Sea^should  not 
exceed  the  open  ocean  in  saltness,  by  more  than  ^^th  per  cent.  The 
Red  Sea  receives  no  supply  of  water  from  any  quarter  save  through 
the  Straits  of  Babelmandeb ;  and  there  is  not  a  single  river  or  rivulet 
fiowing  into  it  from  a  circuit  of  4000  miles  of  shore.  The  countries 
around  are  all  excessively  sterile  and  arid,  and  composed,  for  the 
most  part,  of  burning  deserts.  From  the  ascertained  evaporation  in 
the  sea  itself,  Dr.  Buist  computes  that  nearly  8  feet  of  pure  water 
must  be  carried  off  from  the  whole  of  its  surface  annually,  this  being 
probably  equivalent  to  ihif^^  P^^  ^^  ^^^  whole  volume.  The  Red  Sea, 
therefore,  ought  to  have  1  per  cent,  added  annually  to  its  saline  con- 
tents ;  and  as  these  constitute  4  per  cent,  by  weight,  or  2^  per  cent,  in 
volume  of  its  entire  mass,  it  ought,  assuming  the  average  depth  to 
be  800  feet,  which  is  supposed  to  be  far  beyond  the  truth,  to  have 

*  Hugh  Miller,  First  Impressioiis  of  England,  1847,  pp.  IBS.  214. 
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been  converted  into  one  solid  salt  formation  in  less  than  3000  years.* 
Does  the  Bed  Sea  receive  a  supply  of  water  from  the  ocean,  through 
the  narrow  Straits  of  Babelmandeb,  sufficient  to  balance  the  loss  by 
evaporation  ?  And  is  there  an  undercurrent  of  heavier  saline  water 
annually  flowing  outwards  ?  If  not,  in  what  manner  is  the  excess  of 
salt  disposed  of  ?  An  investigation  of  this  subject  by  our  nautical 
surveyors  may  perhaps  aid  the  geologist  in  framing  a  true  theory  of 
the  origin  of  rock-salt. 

On  the  New  Red  Sandstone  of  the  valley  of  the  Connecticut  River  in 

the  United  States. 

In  a  depression  of  the  granitic  or  hypogene  rocks  in  the  States  of 
Massachusetts  and  Connecticut,  strata  of  red  sandstone,  shale,  and 
conglomerate  are  found  occupying  an  area  more  than  150  miles  in 
length  from  north  to  south,  and  about  5  to  10  miles  in  breadth,  the 
beds  dipping  to  the  eastward  at  angles  varying  from  5  to  50  degrees. 
The  extreme  inclination  of  50  degrees  is  rare,  and  only  observed  in 
the  neighbourhood  of  masses  of  trap  which  have  been  intruded  into 
the  red  sandstone  while  it  was  forming,  or  before  the  newer  parts  of 
the  deposit  had  been  completed.  Having  examined  this  series  of 
rocks  in  many  places,  I  feel  satisfied  that  they  were  formed  in  shallow 
water,  and  for  the  most  part  near  the  shore,  and  that  some  of  the 
beds  were  from  time  to  time  raised  above  the  level  of  the  water,  and 
laid  dry  while  a  newer  series,  composed  of  similar  sediment,  was 
forming.  The  red  flags  of  thin-bedded  sandstone  are  often  ripple- 
marked,  and  exhibit  on  their  under  sides  casts  of  cracks  formed  in 
the  underlying  red  and  green  shales.  These  last  must  have  shrunk 
by  drying  before  the  sand  was  spread  over  them.  On  some  shales  of 
the  finest  texture  impressions  of  rain  drops  may  be  seen,  and  casts  of 
them  in  the  incumbent  argillaceous  sandstones.  Having  observed 
similar  markings  produced  by  showers,  of  which  the  precise  date  was 
known,  on  the  recent  red  mud  of  the  Bay  of  Fundy,  and  casts  in 
relief  of  the  same,  on  layers  of  dried  mud  thrown  down  by  subsequent 
tides,  I  feel  no  doubt  in  regard  to  the  origin  of  some  of  the  ancient 
Connecticut  impressions.  I  have  also  seen  on  the  mud-flats  of  the 
Bay  of  Fundy  the  footmarks  of  birds  (  Tringa  fninuta\  which  daily 
run  along  the  borders  of  that  estuary  at  low  water,  and  which  I  have 
described  in  my  Travels. f  Similar  layers  of  red  mud,  now  hardened 
and  compressed  into  shale,  are  laid  open  on  the  banks  of  the  Connec- 
ticut, and  retain  faithfully  the  impressions  and  casts  of  the  feet  of 
numerous  birds  and  reptiles  which  walked  over  them  at  the  time  when 
they  were  deposited,  probably  in  the  Triassic  Period. 

According  to  Professor  Hitchcock,  the  footprints  of  no  less  than 
thirty-two  species  of  bipeds,  and  twelve  of  quadrupeds,  have  been 
already  detected  in  these  rocks.  Thirty  of  these  are  believed  to  be 
those  of  birds,  four  of  lizards,  two  of  chelonians,  and  six  of  batrachians. 

*  Buist,  Trans,  of  Bombay  Geograph.        f  Traveb  in  North  America,  yoL  ii. 
Soc  1850,  YoL  iz.  p.  38.  p.  168. 
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tW  M^*..  tt«,i«  Wo  fiNud  in  mm  ih»a  twenty  pUcea,  snttmd 
»t^^,u,£)l  M  w.xk».»  rf  tt«»rW  SO  gulw  &mb  north  to  sooth.  Mid  tbey  are 
i»i.u*M  ituw**«h**««v>«»i«^-b«^tttoiniagmt«onie  points  «thi€±- 
kK-w  >M  UK>4v  Umh  low  6mv  wbiuh.  any  b»«  b«en  tboaannds  (^  j««ra 

\x  ^.'^>«•Mlh.'t«b:u  -MutKiin^w  i»  oncurally  eneerttiiKd  in  r^vd  te 

liw  >MUi(w  «X  Uio  uvkk-ttw  •Jvri'xHi  *wtt  Sjutprinte,  it  maj  he  well  te 

«i«ui«v-i*Ui  x^w  tR%:Kv  rvHfwSiug  Gtwu  .»  which  the  Euth  of  the  ge»- 

>*■*"*  lu^i.  .v*t.     *lKu  I  Mattwi.  thi:  VaiOKi  States  in  IS^S,  mon 

i^Uu  >\W  tiut.tvKtiw»  tfaki  thNs  4bMrT«d  bj  ProAwc  Hhaheoek,  n 

iW  .U^uiKv   wluUvil  w\  ami  *tt  *!*■  thtm  were  indented  an  the  upper 

^MiMUv  .';  v^  ^i^kiti-v  whi^  A«  mrrecpondiog  caits,  fr— K»g  oat  in. 

>>;>)U,  Hv(y  At^tt^|»,Ml  At  li>v«r  nirfaces  or  pUoea  of  the  ttiun.     If 

w«  fcttov  ■  single  line  of  markB  we  find  ihi  m 

**'  '*^  unifora  in  siEC,  mod  neariy  anifcnm  in  distnaea 

^^^^^^  fiwn  each  otlier,  the  toes  of  two  saoceMJTc  fanfe- 

^^^Bt^L  prints  tnrning  allemately  right  and  left,  (see  S^ 

^^^^^^^        332.).     Soch  single  lines  iadicnte  ■  Uped;  ami 

^^^^^^H        there  is  generallj  such  a  deviation  &om  a  sUnighl 

^^^^^^^B        line,  in  any  three  soccesaive  prints,  as  we  tuuih. 

^^^^^^1       in  the  tracks  left  bj  birds.     There  is  aba  a  tbA- 

^^^^^^H       ing  relation  between  the  distance  Kparatii^  two 

^^^^^^H       foot-prints  in  one  series  and  the  sise  of  the  w- 

^^^^^^H      presritms;  in  other  words,  an  obTioos  proportiaa 

^^^^^^H      between  the  length  of  the  stride  and  the  dimctt' 

^^^^^^^B       aioD  of  the  creatore  which  walked  over  the  mod. 

^^^^^^H       If  (he  mai^  are  small,  they  may  be  half  an  indh 

^^^^^^^H       asunder  ;  if  gigantic,  as,  for  example,  where  the 

^^^^^^^1       toes  are  20  inches  long^  they  are  occantmally  4 

HH9B4       fti't  and  a  half  apart.     The  bipedal  impressions 

I        are  fur  the  most  part  triSd,  and  show  the  sune 

number  of  joints  as  exist  in  the  feet  of  living  tri- 

dactylous  birds.     Now  such  birds  have  three  phik- 

langial  bones  for  the  inner  toe,  four  for  the  middle 

and  five  for  the  outer  one  (see  fig.  332.)  ;  bat  the 

inipressioD  of  the  terminal  joint  is  that  of  the 

nail  only.      The  fossil  footprints  exhibit  rega- 

larly,  where  the  joints  are  seen,  the  same  nnmber  ; 

.  and  we  see  in  each  continuous  line  of  tracks  the 

[  three-jointed  and  five-jointed  toes  placed  alter- 

'  nately  outwards,  first  on  the  one  side  and  then  on 

I8«i.)  the  other.     It  is  not  often  that  the  matrix  has 

been  fine  enough  to  retain  impressions  of  the  integument  or  skin  of 

the  foot ;  but  in  one  fine  specimen  found  at  Turner's  Falls,  on  the 

Connecticut,  by  Dr.  Deane,  these  markings  are  well  preserved,  and 

have  been  recognized  by  Mr.  Owen  as  resembling  the  skin  of  the 

ostricli,  and  not  that  of  reptUes-t    Much  care  is  required  to  ascertain 

'  Hitchcock.  Mom.  of  Ama.  Acad.         f  This  tpecimen  is  now  in  Dr.  Una- 
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the  precise  lajer  of  a  laminated  rock  on  which  an  animal  has  walked, 
because  the  impression  nsuallj  extends  downwards  through  several 
laminae ;  and  if  the  upper  hijer  originallj  trodden  upon  is  wanting, 
one  or  more  joints,  or  even  in  some  cases  an  entire  toe,  which  sank 
less  deep  into  the  soft  ground,  maj  disappear,  and  jet  the  remainder 
of  the  footprint  be  well  defined. 

The  size  of  several  of  the  fossil  impressions  of  the  Connecticut  red 
sandstone  so  far  exceeds  that  of  anj  living  ostrich,  that  naturalists  at 
first  were  extremely  adverse  to  the  opinion  of  their  having  been  made 
hy  birds,  until  the  bones  and  almost  entire  skeleton  of  the  Dinomis 
and  of  other  feathered  giants  of  New  Zealand  were  discovered.  Their 
dimensions  have  at  least  destrojred  the  force  of  this  particular  ob- 
jection. The  magnitude  of  the  impressions  of  the  feet  of  a  heavj 
animal,  which  has  walked  on  soft  mud,  increases  for  some  distance 
below  the  surface  originally  trodden  upon.  In  order,  therefore,  to 
guard  against  exaggeration,  the  casts  rather  than  the  mould  are 
relied  on.  These  casts  show  that  some  of  the  fossil  birds  had  feet 
four  times  as  large  as  the  ostrich,  but  not  perhaps  larger  than  the 
Dinomis. 

Some  of  the  quadrupedal  footprints  which  accompany  those  of  birds 
are  analogous  to 'European  Ckiroikeria^  and  with  a  similar  dispro- 
portion between  the  hind  and  fore  feet.  Others  resemble  that  re- 
markable reptile,  the  Rhynco9awru$  of  the  English  Trias,  a  creature 
having  some  relation  in  its  osteology  both  to  chelonians  and  birds. 
Other  imprints,  again,  are  like  those  of  turtles. 

Among  the  supposed  bipedal  tracks,  a  single  distinct  example  only 
has  been  observed  of  feet  in  which  there  are  four  toes  directed  for- 
wards. In  this  case  a  series  of  four  footprints  is  seen,  each  22 
inches  long  and  12  wide,  with  joints  much  resembling  those  in  the 
toes  of  birds.  F^fessor  Agassis  has  suggested  that  it  might  have 
belonged  to  a  gigantic  bipedal  batrachian ;  but  the  evidence  on.  this 
subject  is  too  defective  to  warrant  such  a  bold  coi^ecture,  and  if 
we  were  to  give  the  reins  to  our  imagination,  we  might  as  well 
conceive  a  bird  having  four  toes  projecting  forwards  as  a  huge  two- 
legged  frog.  Nor  should  we  forget  that  some  quadrupeds  place  the 
hind  foot  so  precisely  on  the  spot  just  quitted  by  the  fore  foot|  as  to 
produce  a  single  line  of  imprints  like  a  biped. 

No  bones  have  as  yet  been  met  with,  whether  of  reptiles  or  birds, 
in  the  rocks  of  the  Connecticut,  but  there  are  numerous  coprolites ; 
and  an  ingenious  argument  has  been  derived  by  Mr.  Dana,  from  the 
analysis  of  these  bodies,  and  the  proportion  they  contain  of  uric  acid, 
phosphate  of  lime,  carbonate  of  lime,  and  organic  matter,  to  show 
that,  like  guano^  they  are  the  dropping^  of  birds,  rather  than  of 
reptiles.* 

Mr.  Darwin,  in  his  **  Journal  of  a  Voyage  in  the  Beagle,"  informs  us 
that ''  the  South  American  ostriches,  although  they  live  on  vegetable 
matter,  such  as  roots  and  grass,  are  repeatedly  seen  at  Bahia  Blanca 

*  Amer.  Joum.  of  Sd.,  voL  xlviii  p.  46. 


iherefon  eikicnt, 
ndght  be  trodden 
and  fro^;  and  the 
feet  of  diese  Tuioa§ 
other  Bote  en 
diekxiuiis^  and 
To  detenBine  the 

It  IbottMintB  is  ^e  Umsed  Siateiv  is 

uiTe  jet  been  fo«ad  m  tiv  depoail, 
plmnta  in  a  detenninahir  state.  The  fossil  fish  are  m\ 
rerj  perfect ;  but  diej  are  of  a  pecnfiar  trpe^  whaA 
referred  to  the  genus  PalcoMcvs,  but  has 
been  aacribed,  bj  Sir  Philip  Egerton,  to  a  nev  genss..  To  ^is 
has  giren  the  name  of  ItekjfpierwSf  ftam  the  great 
of  the  f olcral  rajs  of  the  dorsal  fin  {horn  c^x*^,  strength, 
a  fin).  Thej  differ  from  PlaUmmems,  as  Mr.  Bcdfield  first  pointed 
oat,  bj  haling  the  rertebral  cofaniB  prolonged  to  a  Bot«  liiniied 
extent  into  the  upper  lobe  of  die  tail,  or,  in  the  language  at  II. 
Agansig,  they  are  las  heterocereaL  The  teedi  abo^  according  to  Sir 
P.  Egerton,  who^  in  1844,  rraminfd  for  me  a  fine  scnes  of  nprrinw  nil 
which  I  procured  at  Durham,  Connecticut,  differ  from  tiioae  of 
Palaamueus  in  being  strong  and  conicaL 

That  the  sandstones  containing  these  fish  are  of  older  date  Uma 
the  strata  containing  coal,  before  described  (p.  284.)  as  occurring  nenr 
Bachmond,  in  Virginia,  is  highly  probable.  These  were  shown  to  be 
as  old  at  least  as  the  oolite  and  lias.  The  higher  antiquity  of  the 
Ccmnectieat  beds  cannot  be  proved  by  direct  superpoeitioii,  but  mmj* 
be  presumed  from  the  general  structure  of  the  coontrj.  That 
stmctore  proves  them  to  be  newer  than  the  moTements  to  which  the 
i^>palachian  or  Alleghany  chain  owes  its  flexures,  and  this  chain 
includes  the  ancient  coal  formation  among  its  contorted  rocks.  The 
iincooformable  position  of  this  New  Red  with  omithicnites  on  the 
edges  of  the  inclined  primary  or  paleozoic  rodu  of  the  Appalachians 
is  seen  at  4.  of  the  8ecti<m,  fig.379.  p.  327.  The  abaence  of  fish  with 
decidedly  heterocercal  tails  may  aflbrd  an  argument  against  the 
Permian  age  of  the  formation ;  and  the  opinicm  that  the  red  sandstone 
is  triassic,  seems,  on  the  whole,  the  best  that  we  can  embrace  in  the 
present  state  of  oar  knowledge. 

•  Joimal  of  Voyage  of  Beagle,  &c  2d  editkm,  p.  89.,  1845. 
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CHAPTER  XXm. 

PEBMIAN  OB  MAGKK8IAK  LDCESTONB  OBOX7P. 

Fofisflfl  of  Magnesian  Umealone  and  Lower  New  Bed  dietinct  from  the  Triaade— 
Term  Permian  —  Engliah  and  German  eqoiTalents — Marine  shells  and  corals  of 
English  Magnesian  limestone — Pabsoniscns  and  other  fish  of  the  marl  date— 
Thecodont  Sanrians  of  dolomitic  ccmgbmerate  of  Bristol — Zechstein  and  Bothlie- 
gendes  of  Thnringia — Ptemian  Flont — Bs  generic  affinity  to  the  caiboniierons 
— Fsaronites  or  tree-ferns. 

When  the  use  of  the  tenn  "  Poikilitic  "  was  explained  in  the  last 
chapter,  I  stated,  that  in  some  parts  of  England  it  is  scarcelj  possible 
to  separate  the  red  marls  and  sandstones  so  called  (originallj  named 
**  the  New  Red  "),  into  two  distinct  geological  systems.  NeverthelesSy 
the  progress  of  investigation,  and  a  careful  comparison  of  English 
rocks  between  the  lias  and  the  coal  with  those  occupying  a  similar 
geological  position  in  Germany  and  Russia,  has  enabled  geologists 
to  divide  the  Poikilitic  formation;  and  has  even  shown  that  the 
lowermost  of  the  two  divisions  is  more  closely  connected,  by  its  fossil 
remains,  with  the  carboniferous  group  than  with  the  trias.  If, 
therefore,  we  are  to  draw  a  line  between  the  secondary  and  primary 
fossiliferous  strata,  as  between  the  tertiary  and  secondary,  it  must 
run  through  the  middle  of  what  was  once  called  the  **  New  Red,"  or 
Poikilitic  group.  The  inferior  half  of  this  group  will  rank  as 
JEVimary  or  Paleozoic,  while  its  upper  member  will  form  the  base  of 
the  Secondary  series.  For  the  lower,  or  Magnesian  Limestone  di- 
vision of  English  geologists,  Sir  R.  Murchison  has  proposed  the 
name  of  Permian,  from  Perm,  a  Russian  government  where  these 
strata  are  more  extensively  developed  than  elsewhere,  occupying  an 
area  twice  the  size  of  France,  and  containing  an  abundant  and  varied 
suite  of  fossils. 

Mr.  King,  in  his  valuable  monograph,  recently  published,  of  the 
Permian  fossils  of  England,  has  given  a  table  of  the  following  six 
members  of  the  Permian  system  of  the  north  of  England,  with  what 
he  conceives  to  be  the  corresponding  formations  in  Thuringia.* 

North  of  Bn^and.  Tharlngia. 

1.  Crystalline  or  ooncretionaiy,  and        1.  Stinkstein. 

non-crjstalline  limestone. 

2.  Brecciated   and  psendo-brecciated        2.  Banchwacke. 

limestone. 

8.  Fossiliferous  limestone.  8.  Bdomit,  or  Upper  Zechstein. 

4.  Compact  limestone.  4^  Zechstein,  or  Lower  Zechstein. 

5.  Marl-slttte.  5.  Mergel-schiefer,  or  Knpferschiefer. 

6.  Inferior  sandstones  of  nurions  co-  6.  Bothliegendes. 

lours. 

*  Falmmtograidiical  Sode^,  1848,  London. 
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'E^ikuiiL  tr*  *Tgoit>HiiiizSk»^ :  nut  1^  Eotr  ima 

<Hf  •rr.rutt  ami  ae  dbinteier  ir  ^tt  sutals  Tum-M**  soOiPV 

rji^Mt  ZL  ficmssr*;. — jc  vmssa  •ODsfr  -ic -arTiBBaBif  'it 
trju^T'iS^  ias>  zacoixiiir  ami  aoiffigatsaal  'wm»<w*^ 

«  «  • 

tm^lxT.  m  fcoK  piai%»  w^-^i^&uid.  be  gcatis  ettaensei  W  tibe 
ffjoKT'^/oaaj  ^^sifxt  v&k&  bf  re^-arrzascsi  she  ■ttDoiiSs  of  Ae  rocks 
tn  W<i^>^«.-tlT  li>  tfeir  origeiaal  4epc6i»ii.     y'>*»wpfa«^  of  ikk  are  seem 

TXr  hrt€€iaUtd  Utmetkme  Oux  2Lj  cootuKS  tt>  CugMmte  of  fisre^m 
rvvdc«y  fxvt  4<»^«M  «rj«Bp>ttil  cif  the  bnakm^-vp  of  dK  l^rvxaa  Et» 
H/>n<e  it^lf.  n&^mx  th^  tiflK  of  in  eaoaGSdatkm.  Some  of  dv  ungvlir 
UiMn^  tn  Tjvmfm^  CBf  are  2  («ec  in  diametei-  This  biwcia 
U  ^yft^i^krH  ^7  Frr/tuv^jr  Se^irwick  as  one  of  the  forms  of  tte 
yrt:f:^lu^  liflMalCA^  ^'^^^  !«»  ratber  than  as  legnlarij  nnderljiii^  it. 
Tk«  frajrm^mif  are  Mnsrahr  and  nerer  water-worn,  and  appear  to 
kar^  \/*:ffn  r^wiremMmted  on  the  spot  where  thej  were  formed.  It  is^ 
t^t^^f/r^^  nnfty/-mM  that  tbej  maj  hare  been  doe  to  those  intermd 
tWftt^rrtenU  of  th«  maM  which  produced  the  coocretioiiarj  structure  ; 
f/fit  th*r  ^uhji'jri  in  T*;rj  ol^ffcnre,  and  after  studjing  the  phenomenoa 
\n  ih»i  MsirnU/n  IVfftkM^  on  the  coast  of  Dorham,  I  found  it  impcsnble 

*  TfMM.  Oe/X  Sgc  IxmuL,  Second  Scnes^  tgL  iii  p.  37. 
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to  form  aaj  positive  opinion  on  the  eatgect.  The  well-known 
breccisted  limestones  of  the  Pyrenees  appeared  to  me  to  present  the 
nearest  analogy,  but  on  a  much  Bm&Uer  scale. 

The  fouiliferout  limalone  (No.  3.)  is  regarded  hy  Mr.  King  as  a 
deep-water  formation,  from  the  nnmerons  delicate  corals  which  it 
inclndes.     One  of  these,  FeneMtelia  retiformii  (fig.  336.),  is  a  very 


variable  species,  and  hat  received  many  different  names.  It  some- 
times attains  a  large  size,  measuring  8  inches  in  width.  The  same 
zoophyte  is  also  found  abundantly  in  the  Pennian  of  Germany. 

Shells  of  the  genera  Spiri/er  and  Prvductut,  which  do  not  occur 
in  strata  newer  than  the  Permian,  are  abundant  in  this  division  of 
the  series  in  the  ordinary  yellow  magnesian  limestone.  (Sea  figs. 
387,  338.) 

Fig.  »T.  Flf.  m. 


The  compact  Hmetlone  (No.  4.)  also  contains  organic  remains, 
especially  corallines,  and  is  intimately  connected  with  the  preceding. 
Beneath  it  Ues  the  marl-MlaU  (No.  6.),  which  consists  of  hard,  cal- 
careous shales,  marl-slate,  and  thin-bedded  limestones.  At  East 
Thickley,  in  Durham,  where  it  is  80  feet  thick,  this  slate  has 
yielded  many  fine  specimens  of  foBsil  fish  of  the  genera  Falaonitciu, 
Pygoptenu,  Calacantkut,  and  PUitytotnvt,  genera  which  are  all 
found  in  the  coal-measures  of  the  carboniferous  epoch,  and  which 
therefore,  says  Mr.  King,  probably  lived  at  no  great  distance  from 

*  King:'!  Hoaognph,  pL  %, 
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the  shore.  But  the  Permian  species  are  peculiar,  and,  for  the  most 
part,  identical  with  those  found  in  the  marl-slate  or  copper-slate  of 
Thuringia. 

Fig.  339. 


Bettered  ouUine  of  a  fl«h  of  the  genui  PaUeoniscuSt  Agan. 
PaUoikrismm,  BlaiDTlUe. 

The  Pakeoniscus  above  mentioned  belongs  to  that  dividon  of 
fishes  which  M,  Agassiz  has  called  "  Heterocercal,"  which  have  their 
tails  unequally  bilobate,  like  the  recent  shark  and  sturgeon,  and  the 
vertebral  column  running  along  the  upper  caudal  lobe.  (See  fig. 
340.)     The   '*  Homocercal "   fish,     which  comprise  almost  all   the 


Fig.  84a 


Fig.  341. 


Shark. 
Heteroeercai. 


Shad.  iOupea,  Herring  tribe.) 


8000  species  at  present  known  in  the  living  creation,  have  the  tail- 
fin  either  single  or  equally  divided ;  and  the  vertebral  colamn  stops 
short,  and  is  not  prolonged  into  either  lobe.     (See  fig.  341.) 

Now  it  is  a  singular  fact,  first  pointed  out  by  Agassiz,  that  the 
heteroeercai  form,  which  is  confined  to  a  small  number  of  genera  in 
the  existing  creation,  is  universal  in  the  Magnesian  limestone,  and 
all  the  more  ancient  formations.  It  characterizes  the  earlier  periods 
of  the  earth's  history,  when  the  organization  of  fishes  made  a  greater 
approach  to  that  of  saurian  reptiles  than  at  later  epochs.  In  all  the 
strata  above  the  Magnesian  limestone  the  homocercal  tail  pre- 
dominates. 

A  full  description  has  been  given  by  Sir  Philip  Egerton  of  the 
species  offish  characteristic  of  the  marl-slate  in  Mr.  King's  monograph 
before  referred  to,  where  figures  of  the  icthyolites  which  are  very 
entire  and  well  preserved,  will  be  found.  Even  a  single  scale  is 
usually  so  characteristically  marked  as  to  indicate  the  genus,  and 
sometimes  even  the  particular  species.  They  are  often  scattered 
through  the  beds  singly,  and  may  be  useful  to  a  geologist  in  de- 
termining the  age  of  the  rock. 


DOI^HITIC  GOKOLOUEBATE. 


The  inferior  gandg^mes  (No.  6.  Tab.  p.  301.),  which  lie  beneath 
the  marl-slate,  consist  of  sandstooe  and  eanil,  separating  the  mag- 
nesian  limestone  from  the  coal,  in  Yorkshire  and  Durham.  In  some 
instances,  red  mail  and  gypsnm  have  been  found  associated  with  these 
beds.  They  have  been  classed  with  the  magnesinn  limestone  hy 
Professor  Sedgwick,  as  being  nearly  co-extensive  with  it  in  geogra- 
phical range,  though  their  relations  are  very  obscure.  In  some 
regions  we  6nd  it  stated  that  the  imbedded  plants  are  all  specifically 
identical  with  those  of  the  carboniferous  series;  and,  if  so,  they 
probably  belong  to  that  epoch  ;  for  the  true  Permian  flora  appears, 
from  the  researches  of  MM.  Murchison  and  de  Vemeuil  in  Russia, 
and  of  Colonel  von  Outbier  in  Saxony,  to  be,  with  few  exceptions, 
distinct  from  that  of  the  coat  (see  p.  307.). 

Dolomitic  conglomeraU  of  Brittol. — Near  Bristol,  in  Somerset- 
shire, and  in  other  counties  bordering  the  Severn,  the  unconformable 
beds  of  the  Lower  New  Bed,  resting  immediately  upon  the  Coal, 
consist  of  a  conglomerate  called  "  dolomitic,"  because  the  pebbles  of 
older  rocks  are  cemented  together  by  a  red  or  yellow  base  of  dolomite 
or  magnesian  limestone.  This  conglomerate  or  breccia,  for  the  im- 
bedded fragments  are  sometimes  angular,  occurs  in  patches  over  the 
whole  of  the  downs  near  Bristol,  filling  up  the  hollows  and  irregu> 
larities  in  the  mountain  limestone,  and  being  principally  composed 
at  every  spot  of  the  debris  of  those  rocks  on  which  it  immediately 
rests.  At  one  point  we  find  pieces  of  coal  shale,  in  another  of 
mountain  limestone,  rec<^nitable  by  its  peculiar  shells  and  zoophytes. 
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Fractured  bones,  also,  and  teeth  of  saurians,  are  dispersed  througb 
some  parts  of  the  breccia. 

These  saurians  (which  until  the  discovery  of  the  ArchegosauruB 
in  the  ooal  were  the  most  ancient  examples  of  fossil  reptiles)  are  all 
distingaiahed  bj  having  the  teeth  implanted  deeply  in  the  jaw-bone, 
and  in  distinct  sockets,  instead  of  being  soldered,  as  in  frogs,  to  a 
simple  alveolar  parapet.  In  the  dolomitic  conglomerate  near  Bristol 
the  remains  of  species  of  two  distinct  genera  have  been  found,  called 
Thecodontosaurus  and  Paltsosaurus  by  Dr.  Riley  and  Mr.  Stutch* 
bury*;  the  teeth  of  which  are  conical,  compressed,  and  with  finely 
serrated  edges  (figs.  348.  and  349.). 

Fig.  848.  i  Fig.  849. 


Tooth  of  Palaosaurus  plaiffodom,  Tootti  of  TkeeodoniostmnUt 

nat.  lise.  8  timet  magnifled. 

In  Russia,  also.  Thecodont  saurians  occur,  in  beds  of  the  Permian 
age,  of  several  genera,  while  others  named  Protorosaurus  are  met 
with  in  the  Zechstein  of  Thuringia.  This  family  of  reptiles  is  allied 
to  the  living  monitor,  and  its  appearance  in  a  primary  or  paleozoic 
formation,  observes  Mr.  Owen,  is  opposed  to  the  doctrine  of  the  pro- 
gressive development  of  reptiles  from  fish,  or  from  simpler  to  more 
complex  forms ;  for  if  they  existed  at  the  present  day,  these  monitors 
would  take  rank  at  the  head  of  the  Lacertian  order.f 

In  Russia  the  Permian  rocks  are  composed  of  white  limestone, 
with  gypsum  and  white  salt ;  and  of  red  and  green  grits,  with  occa- 
sionally copper  ore  ;  also  magnesian  limestones,  marlstones,  and  con- 
glomerates. 

The  country  of  Mansfeld,  in  Thuringia,  may  be  called  the  classic 
ground  of  the  Lower  New  Red,  or  Magnesian  Limestone,  or  Permian 
formation,  on  the  Continent.  It  consists  there  principally  of,  first, 
the  Zechstein,  corresponding  to  the  upper  portion  of  our  English 
series ;  and,  secondly,  the  marl-slate,  with  fish  of  species  identical 
with  those  of  the  bed  so  called  in  Durham.  This  sla^  marl-stone  is 
richly  impregnated  with  copper  pyrites,  for  which  it  is  extensively 
worked.  Magnesian  limestone,  gypsum,  and  rock-salt,  occur  among 
the  superior  strata  of  this  group.  At  its  base  lies  the  Rothliegendes, 
supposed  to  correspond  with  the  Inferior  or  Lower  New  Red  Sand- 

*  See   paper  by  Messrs.  Riley  and        f  Owen,  Report  on  Reptiles,  British 
Stutchbury,  Geol.  Trans.,  Second  Series,    Assoc,  Eleyenth  Meeting,  1841,  p.  197. 
voL  Y.  p.  349.,  plate  29.,  figures  2.  and  5. 
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Btone  above  mentioned,  vhich  occupiea  a  Bimilftr  place  in  England 
between  the  marl-slate  and  coal.  Its  local  name  of  Rothliegendea, 
red-Iyer,  or  "  Hoth-todt-lie-gendes,"  red-dead-Iyer,  was  given  by  the 
workmen  in  the  German  mines  from  ita  red  colour,  and  because  the 
copper  has  died  out  when  they  reach  this  rock,  which  is  not 
metalliferous.  It  is,  in  fact,  a  great  deposit  of  red  sandstone  and 
conglomerate,  with  ftssociated  porphyry,  basaltic  trap,  and  amyg- 
daloid. 

Permian  Flora. — We  learn  from  the  recent  inveBtigation  of 
Colonel  Ton  Gutbier  that  in  the  Permian  rocks  of  Saxony  no  leas 
than  sixty  species  of  fossil  plants  have  been  met  with,  forty  of  which 
have  not  yet  been  found  elsewhere.  Two  or  three  of  these,  aa  Cala- 
mitea  gigat,  Sphenopterit  erota,  and  S,  lobata,  are  also  met  with  in 
the  government  of  Perm  in  Russia.  Seven  others,  and  among  them 
NeuropUrit  LotkO,  Pecopterit  arborescent,  and  P.  similU,  with 
several  species  of  Walehia  (Lycopodites)  are  common  to  the  coal- 


Among  the  genera  also  enumerated  by  Colonel  Gutbier  are  Aste- 
Fig.  SH.  rophUliteM  and  Annuktria,  so  characteristic  of 

the  carboniferous  period  ;  also  Lepidodendron, 
which  is  common  to  the  Permian  of  Saxony, 
Thuringia,  and  Russia,  although  not  abun- 
danL  Noeggeralhia  (see  fig.  350- ).  sup- 
posed by  A.  Brongniart  to  be  allied  to  Cjfcat, 
is  another  link  between  the  Permian  and  car- 
boniferous vegetation.  Con i fens,  of  the 
Araucarian  division,  also  occur ;  but  these 
are  likewise  met  with  both  in  older  and  newer 
rocks.  The  plants  called  Sigillaria  and  Stig- 
maria,  so  marked  a  feature  in  the  carboni- 
ferous period,  are  as  yet  wanting. 

Among  the  remarkable  fossils  of  the  roth- 
Uegendes,  or  lowest  part  of  the  Permian  in 
Saxony  and  Bohemia,  are  the  silicitied  trunks 
of  tree-ferna  colled  generioally  Piaroniut. 
Their  bark  was  surrounded  by  a  dense  mass 
of  air-roots,  which  often  constituted  a  great 
.v«Mf«(*4i  cm-^iibua.  addition  to  the  original  stem,  so  as  to  double 
Ad.  Bron(nivt.>  or  quadruple  its  diameter.      The  same  re- 

mark holds  good  in  regard  to  certain  living  extra-tropical  arborescent 
ferns,  particularly  those  of  New  Zealand. 

Pearonites  are  also  found  in  the  uppermost  coalof  Autun  in  France, 
and  in  the  upper  coal-measures  of  the  State  of  Ohio  in  the  United 
States,  but  specifically  different  from  those  of  the  rothliegendes. 
They  serve  to  connect  the  Permian  flora  with  the  more  modem  por- 
tion of  the  preceding  or  carboniferous  group.     Upon  the  whole,  it  is 

*  Hnrchiaon'i  Biusia,  voL  iL  pL  A  flg.  3. 
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of  coarser  texture  than  usual,  with  some  accompanying  shales,  in 
which  coal  plants  are  occasionally  found.  In  the  north  of  England 
some  bands  of  limestone,  with  pectens,  oysters,  and  other  marine  shells, 
occur  in  this  grit,  just  as  in  the  regular  coal-measures,  and  even  a 
few  seams  of  coal.  I  shall  treat,  therefore,  of  the  whole  group,  as 
consisting  of  two  divisions  only,  the  Coal-measures  and  Mountain 
Limestone.  The  latter  is  found  in  the  southern  British  coal-fields,  at 
the  base  of  the  system,  or  immediately  in  contact  with  the  subjacent 
Old  Red  Sandstone ;  but  as  we  proceed  northwards  to  Yorkshire  and 
Northumberland  it  begins  to  alternate  with  true  coal-measures,  the 
two  deposits  forming  together  a  series  of  strata  about  1000  feet  in 
thickness.  To  this  mixed  formation  succeeds  the  great  mass  of 
genuine  mountain  limestone.*  Farther  north,  in  the  Fifeshire  coal- 
field in  Scotland,  we  observe  a  still  wider  departure  from  the  type 
of  the  south  of  England,  or  a  more  complete  intercalation  of  dense 
masses  of  marine  limestones  with  sandstones,  and  shales  containing 
coal. 


COAL  MEASURES. 

In  South  Wales  the  coal-measures  have  been  ascertained  by  actual 
measurement  to  attain  the  extraordinary  thickness  of  12,000  feet,  the 
beds  throughout,  with  the  exception  of  the  coal  itself,  appearing  to 
have  been  formed  in  water  of  moderate  depth,  during  a  slow  but  per- 
haps intermittent  depression  of  the  ground,  in  a  region  to  which  rivers 
were  bringing  a  never-failing  supply  of  muddy  sediment  and  sand. 
The  same  area  was  sometimes  covered  with  vast  forests,  such  as  we 
see  in  the  deltas  of  great  rivers  in  warm  climates,  which  are  liable  to 
be  submerged  beneath  fresh  or  salt  water  should  the  ground  sink 
vertically  a  few  feet. 

In  one  section  near  Swansea,  in  South  Wales,  where  the  total 
thickness  of  strata  is  3246  feet,  we  learn  from  Sir  H.  De  la  Beche 
that  there  are  ten  principal  masses  of  sandstone.  One  of  these  is 
600  feet  thick,  and  the  whole  of  them  make  together  a  thickness  of 
2125  feet  They  are  separated  by  masses  of  shale,  varying  in  thickness 
from  10  to  50  feet.  The  intercalated  coal-beds,  sixteen  in  number, 
are  generally  from  1  to  5  feet  thick,  one  of  them,  which  has  two  or 
three  layers  of  clay  interposed,  attaining  9  feetf  At  other  points  in 
the  same  coal-field  the  shales  predominate  over  the  sandstones.  The 
horizontal  extent  of  some  seams  of  coal  is  much  greater  than  that  of 
others,  but  they  all  present  one  characteristic  feature,  in  having,  each 
of  them,  what  is  called  its  underclay.  These  underclays,  co-extensive 
with  every  layer  of  coal,  consist  of  arenaceous  shale,  sometimes  called 
fire-stone,  because  it  can  be  made  into  bricks  which  stand  the  fire  of 

♦  Sedgwick,    GeoL    Trans.,    Second        f  Memoirs   of  €reol.  Survey,  vol  i 
Series,  vol.  ir. ;  and  Phillips,  QeoL  of    p.  195. 
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a  furnace.  They  vary  in  thickness  from  6  inches  to  more  than  10 
feet ;  and  Mr.  Logan  first  announced  to  the  scientific  world  in  1841 
that  they  were  regarded  by  the  colliers  in  South  Wales  as  an  essen- 
tial accompaniment  of  each  of  the  one  hundred  seams  of  coal  met 
with  in  their  coal-field.  They  are  said  to  form  the  floor  on  which 
the  coal  rests  ;  and  some  of  them  have  a  slight  admixture  of  carbona- 
"ceous  matter,  while  others  are  quite  blackened  by  it. 

All  of  them,  as  Mr.  Logan  pointed  out,  are  characterized  by 
inclosing  a  peculiar  species  of  fossil  vegetable  called  Stigmaria^  to 
the  exclusion  of  other  plants.  It  was  also  observed  that,  while  in  the 
overlying  shales  or  "roof**  of  the  coal,  ferns  and  trunks  of  trees 
abound  without  any  StigmaruBy  and  are  flattened  and  compressed, 
those  singular  plants  in  the  underclays  always  retain  their  natural 
forms,  branching  freely,  and  sending  out  their  slender  leaves,  as  they 
were  formerly  styled,  through  the  mud  in  all  directions.  Several 
species  of  Stigmaria  had  long  been  known  to  botanists,  and  described 
by  them,  before  their  position  under  each  seam  of  coal  was  pointed 
out.  .  It  was  conjectured  that  they  might  be  aquatic,  perhaps  floating 
plants,  which  sometimes  extended  their  branches  and  leaves  freely 
in  fluid  mud,  and  which  were  finally  enveloped  in  the  same  mud. 


CARBONIFEROUS  FLORA. 

These  statements  will  suffice  to  convince  the  reader  that  we  can- 
not arrive  at  a  satisfactory  theory  of  the  origin  of  coal  till  we  under- 
stand the  true  nature  of  Stigmaria;  and  in  order  to  explain  what 
is  now  known  of  this  plant,  and  of  others  which  have  contributed  bjr 
their  decay  to  produce  coal,  it  will  be  necessary  to  offer  a  brief  pre- 
liminary sketch  of  the  whole  carboniferous  flora,  an  assemblage  of  fossil 
plants,  with  which  we  are  better  acquainted  than  with  any  other 
which  flourished  antecedently  to  the  tertiary  epoch.  It  should  also 
be  remarked  that  Goppert  has  ascertained  that  the  remains  of  every 
family  of  plants  scattered  through  the  coal-measures  are  sometimes 
met  with  in  the  pure  coal  itself,  a  fact  which  adds  greatly  to  the  geo- 
logical interest  attached  to  this  flora. 

Ferns.  —  The  number  of  species  of  carboniferous  plants  hitherto 
described,  amounts,  according  to  M.  Ad.  Brongniart,  to  about  500. 
These  may  perhaps  be  a  fragment  only  of  the  entire  flora,  but  they 
are  enough  to  show  that  the  state  of  the  vegetable  world  was  then 
extremely  different  from  that  now  established.  We  are  struck  at 
the  first  glance  with  the  similarity  of  many  of  the  ferns  to  those  now 
living,  and  the  dissimilarity  of  almost  all  the  other  fossils  except  the 
coniferse.  Among  the  ferns,  as  in  the  case  of  Pecopteris  for  example, 
(fig.  351.),  it  is  not  always  easy  to  decide  whether  they  should  be 
referred  to  different  genera  from  those  established  for  the  classifica- 
tion of  living  species ;  whereas,  in  regard  to  most  of  the  other  con- 
temporary tribes,  with  the  exception  of  the  coniferae,  it  is  often  diffi- 
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cult  to  guess  the  family,  or  even  the  claas, 
to  which  they  belong.  The  ferns  of  the 
carboiuferouB  period  are  generally  with- 
out orgtuiB  of  fructification,  but  in  some 
specimeoB  these  are  well  preserved.  Ir 
the  general  absence  of  such  charocterB, 
they  hare  been  divided  into  genera,  dis- 
tinguished chiefly  by  Che  branching  of  the 
fronds,  and  the  way  in  which  the  veins  of 
the  leaves  are  disposed.  The  fairer  portion 
■je  supposed  to  have  been  of  the  size  of 
ordinary  European  ferns,  but  some  were 
decidedly  arborescent,  especially  the 
group  called  Cautopterit,  by  Lindley,  and 
the  Aarontiu  of  the  upper  or  newest 
coal'measures,  before  alluded  to  (p.  307.). 
All  the  recent  tree-ferns  belong  to  one 
tribe  (Poli/podiaeea\  and  to  a  small 
n  that  tribe,  in  which  the  surface  of  the 
trunk  is  marked  with  scara,  or  cicatrices,  left  after  the  fell  of  the 
fronds.  These  scara  resemble  those  of  Caulopteris  (see  fig.  353.). 
No  less  than  2S0  ferns  have  already  been  obtained  from  the  coal 
strata ;  and  even  if  we  make  some  reduction  on  the  ground  of 
varieties  which  have  been  mistaken,  in  the  absence  of  their  fructifi- 
cation, for  species,  still  the  result  is  ungular,  because  the  whole  of 
Europe  affords  at  present  no  more  than  50  indigenous  species. 


number  only  of  genera  i 


LBFIDODENDBA. 


Lepidodendra. — These  fossila  belong  to  the  family  of  Lyeopodiunu, 
yet  most  of  them  grew  to  the  size  of  large  trees.  The  annexed 
figures  represent  a  large  fossU  Lepidodendron,  49  feet  long,  found  in 


L.  aunitTiiii.    (tan 


•Tarrow  Colliery,  near  Newcastle,  lying  in  shale  parallel  to  the  ])IaneB  of 
stratification.  Fragments  of  others,  found  in  the  same  shale,  indicate, 
by  the  size  of  the  rhomboidal  scars  which  cover  then,  a  still  greater 
.  magnitude.  The  living  club-moases,  of  which  there  are  about  200 
species,  are  abundant  in  tropical  climates,  where  one  species  is  some- 
times  met  with  att^niog  a  height  of  3  feet.    They  usually  creep  on 


EQCI8£TACE£, 


the  ground,  but  some  stand  erect,  as  the  L.  demum,  from  New  Zea- 
land (Bg.  360.). 

In  the  carboniferous  strata  of  Coalbrook  Dale,  and  in  many  other 
coal-fields,  elongated  cylindrical  bodies,  called  fossil  cones,  named  by 
M.  Adolphe  Brongniart  Lepidoitrobut,  ftre  met  with.     (See  fig.  361.) 


They  often  form  the  nucleus  of  concretionary  balls  of  clay -iron-stone, 
and  are  well  preserved,  exhibiting  a  conical  axis,  around  which  a 
great  quantity  of  scales  were  compaclly  imbricated.  The  opinion  of 
M.  Brongniart  is  now  generally  adopted,  that  the  Leptdottrobut  is 
the  fruit  oi  Lepidodendron. 

Equisetace<t. — To  this  family  belong  two  species  of  the  genus 
Equisetites,  closely  allied  to  the  living  "horse-tail"  which  now 
grows  in  marshy  grounds.  Other  species,  which  have  jointed  stems, 
depart  more  widely  from  Equiittum,  but  are  yet  of  analogous  organi- 


tLis  'z»rk.  viva.  St  ^tgrtaaoied  =x  ae  sen  ic  C  '■■■him   ^.  363L), 

cf  lift  r.i.--»j  ^  -21:  «aZ  io;7=?!ti  Bit  M^t  ik  fiaea^^K  gf 

vl«<rri^yCt(M. — Ib  c^  ^3e£j.  SL  BrjKrsjan  "-i  liw^i  ■   several 
£«iKn,  uti  aace;  d:<9  Ciif»w«JrBifr>a.  Ji>  1  ijj  IjCil*,  aw 


genu*,  dirided  off  bj  BrxnignUrt  from  the  Calamilt*  of  forma' 
witbtmL  lu  pith  and  medaiUrj  rmjs  Kem  to  show  that  it  was 
HefAjkAoaouB,  and  it  appears  to  hare  be«n  allied,  by  the  nature  of 
ita  tiMue,  to  the  gjmivjeaiB,  or,  still  moie,  to  the  SigiUaria,  whkh 
will  next  be  mentioned. 

fiiffUlaria, — A  large  portion  (rf*  the  trees  of  the  carboniferona 
p^'jd  belong^  to  tbia  genns,  of  which  aboat  thirtj-fire  apedea  are 
kninrn.  Their  atractnre,  both  internal  and  external,  was  werj  pe- 
culiar, and,  with  reference  to  existing  tjpes,  very  anomalous.  Thof 
were  funnerlj  referred,  by  M.  Ad.  Brongniart,  to  ferns,  which  they 
resemble  in  the  scatariform  texture  of  their  reaeels,  and,  in  aome 
deface,  in  the  form  of  the  cicatricea  left  by  the  base  o(  the  leaf- 
stalks which  have  fallen  off  (see  fig.  365.).  Bat  with  these  pmnts 
of  analogy  to  cryptogamia,  they  combine  an  internal  organizatioa 
much  resembling  that  of  cycads,  and  some  of  them  are  ascertained 
to  have  had  long  linear  l^ves,  quite  nnlike  those  of  ferns.  They 
grew  to  a  great  height,  from  30  to  60,  or  even  70  feet,  with  regular 
cylindrical  stems,  and  without  branches,  although  some  spedea  were. 
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dicbotomoua  towards  the  top.  Their  fluted 
trunks,  from  I  to  5  feet  in  diameter,  appear 
to  have  decayed  rapidly  in  the  interior,  so 
as  to  become  hollow,  vhen  standing ;  when, 
therefore,  they  were  thrown  prostrate  on 
the  mud,  they  were  squeezed  down  and 
flattened.  Hence,  we  find  the  bark  of  the 
two  opposite  sides  (now  converted  into 
bright  shining  coal)  to  constitute  two  hori- 
zontal luyers,  one  upon  the  other,  half  an 
inch,  or  an  inch,  in  thickness.  These 
same  trunks,  when  they  are  placed  obliquely 
or  vertically  to  the  planes  of  stratification, 
retain  their  original  rounded  form,  and  are 
uncompressed,  the  cylinder  of  bark  having 
been  filled  with  sand,  which  now  afiTords  a 
cast  of  the  interior. 
Stigmaria. — This  fossil,  the  imporUnce  of  which  has  already  been 
pointed  out,  was  formerly  conjectured  to  be  an  aquatic  plant.  It  is 
now  ascertained  to  be  the  root  of  SigiUaria.  The  connection  of  the 
roots  with  the  stem,  previously  suspected,  on  botanical  grounds,  by 
BroDgniart,  was  first  proved,  by  actual  contact,  in  the  Lancashire 
coal-field,  by  Mr,  Binney.  The  fact  has  lately  been  shown,  even 
more  distinctly,  by  Mr.  Bichard  Brown,  in  his  description  of  the 
StigmariiB  occurring  in  the  underclsys  of  the  coal-seams  of  the 
Island  of  Cape  Breton,  in  Nova  Scotia. 


SigtUaria  ianfgpia,  Bror 


SUgnurU  itUcbed  to  ■  tniDk  or  i^Uirla* 

In  a  specimen  of  one  of  these,  represented  in  the  annexed  figure 
(fig.  366.),  the  spread  of  the  roots  was  16  feet,  and  some  of  them  sent 
out  rootlets,  in  all  directions,  into  the  surrounding  clay. 

The  manner  of  attachment  of  the  fibres  to  the  stem  resembles 
that  of  a  ball  and  socket  joint,  the  base  of  each  rootlet  being  con- 
cave, and  fitting  on  to  a  tobercle  (see  figs.  367.  and  368.).  Rows  of 
these  tnbercles  are  arranged  spirally  round  each  root,  which  have 
always  a  medullary  cavity  and  woody  texture,  much  resembling  that 


C0NIFEK8  —  ESDOOBNB —  EX0GEN8. 

F1g.»68. 


■icJn:"(Tau!  pfo.'sl 


Sl^niirfajlegtfu, Bkid(,  OD«fo(irttao[ut.tl».  lT<m.tUt.n.} 

of  Sigillaria,  the  structure  of  the  vesaelB  being,  like  it,  acalari- 
form. 

Conifers. — The  coniferous  trees  of  this  period  are  referred  to  five 
genera ;  Ibe  wooAj  structure  of  some  of  them  showing  that  thef  were 
allied  to  the  Araucarian  division  of  pines,  more  than  to  anj  of  our 
common  European  firs.  Some  of  their  tninlcs  exceeded  44  feet  in 
height. 

Endogena. — Hitherto,  but  few  monocotyledonous  plants  have  been 
discovered  in  the  coal-strata.  Most  of  these  consist  of  fruits  referred 
by  some  botanists  to  palms.  The  three-sided  nuts,  called  Trigono- 
earpam,  seven  species  of  which  are  known,  appear  to  have  the  best 
claim  to  rank  as  palms,  although  M.  Ad.  Brongniart  entertains  some 
doubt  even  as  to  their  being  monocotyledons. 

Exogetts. 

The  entire  absence,  so  far  as  our  paleontological  investigations 
have  hitherto  gone,  of  ordinary  dicotyledons  or  exogena  in  the  coal 
measures,  is  most  remarkable.  Hence,  M.  Adolphe  Brongniart  has 
called  this  period  the  age  of  acrogens,  in  consequence  of  the  vast 
preponderance  of  ferns  and  Lepidodendra.*  Nevertheless,  a  forest 
of  the  period,  now  under  consideration,  may  have  borne  a  con- 
siderable resemblance  to  those  woody  regions  of  New  Zealand,  in 
which  ferns,  arborescent  and  herbaceous,  and  tycopodiums,  with 
many  co  pi  fere,  abound. 

The  comparative  proportion  of  living  ferns  and  Araucarim,  in 
Norfolk  Island,  to  all  the  other  plants,  appears  to  be  very  similar  to 
that  formerly  borne  by  these  tribes  respectively  in  a  forost  of  the 
coal -period. 

I  have  already  stated  that  Professor  Goppert,  after  examining  the 
fossil  vegetables  of  the  coal-fields  of  Grermany,  has  detected,  in  beds 
of  pure  coal,  remains  of  plants  of  every  family  hitherto  known  to 
occur  fossil  in  the  coal.  Many  seams,  he  remarks,  are  rich  in 
Sirfiliaria,  Lepidodendron,  and  Stigmaria,  the  latter  in  such  abun- 
dance, as  to  appear  to  form  the  bulk  of  the  coal.  In  some  places, 
almost  all  the  plants  are  calamites,  in  others  ferns.f 
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Coal^  how  formed — Erect  trees. — I  shall  now  consider  the  manner 
in  which  the  above-mentioned  plants  are  imbedded  in  the  strata,  and 
how  thej  may  have  contributed  to  produce  coal.  *'  Some  of  the 
plants  of  our  coal,"  says  Dr.  Buckland,  '<  grew  on  the  identical  banks 
of  sand,  silt,  and  mud,  which,  being  now  indurated  to  stone  and 
shale,  form  the  strata  that  accompany  the  coal ;  whilst  other  portions 
of  these  plants  have  been  drifted  to  various  distances  from  the 
swamps,  savannahs,  and  forests  that  gave  them  birth,  particularly 
those  that  are  dispersed  through  the  sandstones,  or  mixed  with  fishes 
in  the  shale  beds."  "  At  Balgray,  three  miles  north  of  Glasgow,*' 
says  the  same  author,  ''  I  saw,  in  the  year  1824,  as  there  still  may  be 
seen,  an  unequivocal  example  of  the  stumps  of  several  stems  of  large 
trees,  standing  close  together  in  their  native  place,  in  a  quarry  of 
•  sandstone  of  the  coal  formation."* 

Between  the  years  1837  and  1840,  six  fossil  trees  were  discovered 
in  the  coal-field  of  Lancashire,  where  it  is  intersected  by  the  Bolton 
railway.  They  were  all  in  a  vertical  position,  with  respect  to  the 
plane  of  the  bed,  which  dips  about  15^  to  the  south.  The  distance 
between  the  first  and  the  last  was  more  than  100  feet,  and  the  roots 
of  all  were  imbedded  in  a  soft  argillaceous  shale.  In  the  same  plane 
with  the  roots  is  a  bed  of  coal,  eight  or  ten  inches  thick,  which  has 
been  ascertained  to  extend  across  the  railway,  or  to  the  distance  of  at 
least  ten  yards.  Just  above  the  covering  of  the  roots,  yet  beneath 
the  coal  seam,  so  large  a  quantity  of  the  Lepidostrobus  variabilis  was 
discovered  inclosed  in  nodules  of  hard  clay,  that  more  than  a  bushel 
was  collected  from  the  small  openings  around  the  base  of  the  trees 
(see  figure  of  this  genus,  p.  313.).  The  exterior  trunk  of  each  was 
marked  by  a  coating  of  friable  coal,  varying  from  one  quarter  to  three 
quarters  of  an  inch  in  thickness  ;  but  it  crumbled  away  on  removing 
the  matrix.  The  dimensions  of  one  of  the  trees  is  15^  feet  in  circum- 
ference at  the  base,  7^  feet  at  the  top,  its  height  being  1 1  feet.  All 
the  trees  have  large  spreading  roots,  solid  and  strong,  sometimes 
branching,  and  traced  to  a  distance  of  several  feet,  and  presumed  to 
extend  much  farther.  Mr.  Hawkshaw,  who  has  described  these 
fossils,  thinks  that,  although  they  were  hollow  when  submerged,  they 
may  have  consisted  originally  of  hard  wood  throughout;  for  solid 
dicotyledonous  trees,  when  prostrated  in  tropical  forests,  as  in  Vene- 
zuela, on  the  shore  of  the  Caribbean  Sea,  were  observed  by  him  to  be 
destroyed  in  the  interior,  so  that  little  more  is  left  than  an  outer 
shell,  consisting  chiefiy  of  the  bark.  This  decay,  he  says,  goes  on 
most  rapidly  in  low  and  flat  tracts,  in  which  there  is  a  deep  rich  soil 
and  excessive  moisture,  supporting  tall  forest-trees  and  large  palms, 
below  which  bamboos,  canes,  and  minor  palms  flourish  luxuriantly. 
Such  tracts,  from  their  lowness,  would  be  most  easily  submerged,  and 
their  dense  vegetation  might  then  give  rise  to  a  seam  of  coal.f 

In  a  deep  valley  near  Capel-Coelbren,  branching  from  the  higher 
part  of  the  Swansea  valley,  four  stems  of  upright  Sigillaria  were 

*  Anniy.  Address  to  GeoL  Soc.,  1840.        f  Hawkshaw,  GeoL  See.  Fhx^eediogs, 

Nofl.  64.  and  69. 
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seen,  in  1838,  piercing  through  the  coal-measures  of  S.  Wales  ;  one 
of  them  was  2  feet  in  diameter,  and  one  13  feet  and  a  half  high,  and 
they  were  all  found  to  terminate  downwards  in  a  hed  of  coaL  **  Th^ 
appear,**  says  Sir  H.  De  la  Beche,  "  to  have  constituted  a  portion  of  a 
suhterranean  forest  at  the  epoch  when  the  lower  carhoniferous  strata 
were  formed."* 

In  a  colliery  near  Newcastle,  say  the  authors  of  the  Fossil  Flora, 
a  great  numher  of  SigillaruB  were  placed  in  the  rock  as  if  they  had 
retained  the  position  in  which  they  grew.  Not  less  than  thirty,  some 
of  them  4  or  5  feet  in  diameter,  were  visible,  within  an  area  of  60 
yards  square,  the  interior  being  sandstone,  and  the  bark  having  been 
converted  into  coal.  The  roots  of  one  individual  were  found  im- 
bedded in  shale ;  and  the  trunk,  after  maintaining  a  perpendicular 
course  and  circular  form  for  the  height  of  about  10  feet,  was  then  bent, 
over  60  as  to  become  horizontal.  Here  it  was  distended  laterally,  and 
flattened  so  as  to  be  only  one  inch  thick,  the  flutings  being  compa- 
ratively distinct.f  Such  vertical  stems  are  familiar  to  our  miners, 
under  the  name  of  coal-pipes.  One  of  them,  72  feet  in  length,  .was 
discovered,  in  1829,  near  Grosfortb,  about  five  miles  from  Newcastle, 
in  coal-grit,  the  strata  of  which  it  penetrated.  The  exterior  of  the 
trunk  was  marked  at  intervals  with  knots,  indicating  the  points  at 
which  branches  had  shot  off.  The  wood  of  the  interior  had  been 
converted  into  carbonate  of  lime ;  and  its  structure  was  beautifully 
shown  by  cutting  transverse  slices,  so  thin  as  to  be  transparent.  (Sc^ 
p.  40.) 

These  "  coal-pipes "  are  much  dreaded  by  our  miners,  for  almost 
every  year  in  the  Bristol,  Newcastle,  and  other  coal-fields,  they  are 
the  cause  of  fatal  accidents.  Each  cylindrical  cast  of  a  tree,  formed 
of  solid  sandstone,  and  increasing  gradually  in  size  towards  the  base^ 
and  being  without  branches,  has  its  whole  weight  thrown  downwards^ 
and  receives  no  support  from  the  coating  of  friable  coal  which  has 
replaced  the  bark.  As  soon,  therefore,  as  the  cohesion  of  this  ex- 
ternal layer  is  overcome,  the  heavy  column  falls  suddenly  in  a  per- 
pendicular or  oblique  direction  from  the  roof  of  the  gallery  whence 
coal  has  been  extracted,  wounding  or  killing  the  workman  who 
stands  below.  It  is  strange  to  refiect  how  many  thousands  of  these 
trees  fell  originally  in  their  native  forests  in  obedience  to  the  law  of 
gravity ;  and  how  the  few  which  continued  to  stand  erect,  obeying, 
after  myriads  of  ages,  the  same  force,  are  cast  down  to  immolate 
their  human  victims. 

It  has  been  remarked,  that  if,  instead  of  working  in  the  dark,  the 
miner  was  accustomed  to  remove  the  upper  covering  of  rock  from 
each  seam  of  coal,  and  to  expose  to  the  day  the  soils  on  which  ancient 
forests  grew,  the  evidence  of  their  former  growth  would  be  obvious. 
Thus,  in  South  Staffordshire  a  seam  of  coal  was  laid  bare  in  the  year 
1844,  in  what  is  called  an  open  work  at  Parkfield  Colliery,  near 

^  GeoL  Report  on  Cornwall,  &c.  p.  f  Lindley  and  Hutton,  Foss.  Floi, 
143.  part  6.  p.  150. 
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Wolverhampton.  In  the  space  of  about  a  quarter  of  an  acre  the 
stumps  of  no  less  than  73  trees  with  their  roots  attached  appeared, 
as  shown  in  the  annexed  plan  (fig.  369.),  some  of  them  more  than 


Fig.  369. 


Oroand-pUn  of  a  foMll  forest,  P«rk6eld  ColUerj,  near  Wolverhamptoii, 
snowing  the  position  of  73  trees  in  a  quarter  of  an  acre.* 

8  feet  in  circumference.  The  trunks,  broken  off  close  to  the  root,  were 
lying  prostrate  in  everj  direction,  often  crossing  each  other.  One  of 
them  measured  15,  another  30  feet  in  length,  and  others  less.  They 
were  invariably  flattened  to  the  thickness  of  one  or  two  inches,  and 
converted  into  coal.  Their  roots  formed  part  of  a  stratum  of  coal 
10  inches  thick,  which  rested  on  a  layer  of  clay  2  inches  thick, 
below  which  was  a  second  forest,  resting  on  a  2-foot  seam  of  coal. 
Five  feet  below  this  again  was  a  third  forest  with  large  stumps  of 
Lepidodendra,  Calamites,  and  other  trees. 

In  the  account  given,  in  1821,  by  M.  Alex.  Brongniart  of  the  coal- 
mine of  Treuil,  at  St.  Etienne,  near  Lyons,  he  states,  that  distinct 
horizontal  strata  of  micaceous  sandstone  are  traversed  by  vertical 
trunks  of  roonocotyledonous  vegetables,  resembling  bamboos  or  large 
Equiseta,^  Since  the  consolidation  of  the  stone^  there  has  been  here 
and  there  a  sliding  movement,  which  has  broken  the  continuity  of  the 
stems,  throwing  the  upper  parts  of  them  on  one  side,  so  that  they  are 
often  not  continuous  with  the  lower. 

From  these  appearances  it  was  inferred  that  we  have  here  the 
monuments  of  a  submerged  forest.  I  formerly  objected  to  this  con- 
clusion, suggesting  that,  in  that  case,  all  the  roots  ought  to  have  been 
found  at  one  and  the  same  level,  and  not  scattered  irregularly 
through  the  mass.  I  also  imagined  that  the  soil  to  which  the  roots 
were  attached  should  have  been  different  from  the  sandstone  in  which 
the  trunks  are  enclosed.  Having,  however,  seen  calamites  near  Fictou, 
in  Nova  Scotia,  buried  at  various  heights  in  sandstone  and  in  similar 
erect  attitudes,  I  have  now  little  doubt  that  M.  Brongniart's  view 

*  See  papers  by  Messrs  Beckett  and  f  Annales  des  Mines,  1821. 

Ick.    Proceed,  in  GreoL  Soc,   vol.  iv. 
p.  287. 
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all  the  strata  had  beer)  removed  from  one  side.  The  beds  which  re- 
mained were  ao  unaltered  and  uodiaturbed  at  the  point  of  junction,  aa 
clearljr  to  show  that  they  hod  been  tranquilly  deposited  round  the  tree, 
and  that  the  tree  had  not  subsequently  pierced  through  them,  while 
they  were  yet  in  a  soft  state.  They  were  composed  chiefly  of  sill ceoua 
sandstone,  for  the  most  part  white ;  and  divided 
4   ij  II  into  lamiiUB  bo  thin,  that  from  six  to  fourteen  of 

I//  i  them  might  be  reckoned  in  the  thickness  of  an 

i         Vli  I  inch.     Some  of  these  thin  layers  were  dark,  and 

I         ]l/i  s  contained  coaly  matter;  bnt  the  lowest  of  the  ia- 

i        j//  •  tersected  beds  were  calcareous.     The  tree  could 

I      -f/    I  not  have  been  hollow  when  imbedded,  for  the  in- 

-»    ^  ;■         t«rior  still  preserved  the  woody  texture  in  a  per- 
fect state,  the  petrifying   matter  being,  for  the 
most  part,  calcareous.*     It  is  also  clear,  that  the 
lapidifying   matter   was  not  introduced  laterally 
from  the  strata  through  which  the  fossil  passes,  as 
m     most  of  these  were  not  calcareous.     It  is  well 
.  I     known  that,  in  the  MisMSsippi  and  other  great 
1    s     American  rivers,  where  thousands  of  trees  float 
i  X     annually  down  tiie  stream,  some  sink  with  their 
"^  4     roots  downwards,  and  become  fixed  in  the  mud. 
Thus  placed,  they  have  been  compared  to  a  lance 
in  rest ;  and  so  often  do  they  pierce  through  the 
bows  of  vessels  which  run  against  them,  that  they 
render  the  navigation  extremely  dangerous.     Mr. 
Hugh  Miller  mentions  four  other  huge  trunks  ex- 
posed  in  quarries  near  Edinburgh,  which  lay  dia- 
gonally across  the  strata  at  an  angle  of  about  30°, 
with  their  lower  or  heavier  portions  downwards, 
the  roots  of  all,  save  one,  rubbed  off  by  attrition. 
One  of  these  was  GO  and  another  70  feet  in  length, 
and  from  4  to  6  feet  in  diameter. 

The  number  of  years  for  which  the  trsnks  of 
B  vi  £  «  trees,  when  constantly  submerged,  can  resist  de- 
£        V/  composition,  is  very  great;  as  we  might  suppose 

from  the  durability  of  wood,  in  artificial  piles,  per- 
manently covered  by  water.     Hence  these  fossil 
i  /  ^  snags  may  not  imply  a  rapid  accumulation  of  beds 

-^  of  sand,  although  the  channel  of  a  river  or  port  of 

a  lagoon  is  often  filled  up  in  a  very  few  years. 
1  iVotJo  Scotia. — One  of  the  finest  examples  in 

J  the  world  of  a  succession  of  fossil  forests  of  the 

3  carboniferous  period,  laid  open  to  view  in  a  na- 

tural section,  is  that  seen  in  the  lofly  clifls  border- 
ing the  Chignecto  Channel,  a  branch  of  the  Bay 
of  Fundy,  in  Nova  Scotia.^ 
*3eafigiir««oftattar«,Witli«m,FoM.        t  See  Lyell's  Trareli  iaN.  America, 
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on  which  rests  a  seam  of  corI  (h,  fig.  374.)  1  foot  thick.  On  this 
coal  again  stood  two  large  trees  (c  and  d),  while  at  a  greater  height 
the  trees/  and  g  rest  upon  a  thin  seam  of  coal  (e),  aad  above  them  is 
an  undercla^,  supporting  the  4-foot  coal. 

If  we  now  return  to  the  tree  firat  mentioned  {fig.  373.),  we  find  the 
diameter  (a  b)  14  inches  at  the  top  and  16  inches  at  the  bottom,  the 
length  of  the  trunk  5  feet  8  inches.  The  strata  in  the  interior  con. 
aisted  of  a  aeries  entirely  different  from  those  on  the  outside.  Tlie 
lowest  of  the  three  outer  beds  which  it  trarersed  consisted  of  purplish 
and  blue  shale  (e,  Ug.  373.),  2  feet  thick,  above  which  was  sandstone 
(d)  1  foot  thick,  and,  above  this,  clay  (e)  2  feet  8  inchea.  But,  in  the 
interior,  were  nine  distinct  layers  of  different  composition :  at  the 
bottom,  first,  shale  4  inches,  then  sandstone  1  foot,  then  shale  4 
inches,  then  sandstone  4  inches,  then  shale  11  inches,  then  clay  (/) 
with  nodules  of  ironstone  2  inches,  then  pure  clay  2  feet,  then  sand- 
stone 3  inches,  and,  lastly,  clay  4  inches.  Owing  to  the  outward 
slope  of  the  face  of  the  cliff,  the  section  (fig.  373.)  was  not  exactly 
perpendicular  to  the  axis  of  the  tree  ;  and  hence,  probably,  the  appa- 
rent sudden  termination  at  the  base  without  a  stump  and  roots. 

In  this  example  the  layers  of  matter  in  the  inside  of  the  tree  are 
more  numerous  than  those  without ;  but  it  is  more  common  in  the 
coal-measures  of  all  countries  to  find  a  cylinder  of  pure  sandstone,  — 
the  cast  of  the  interior  of  a  tree,  intersecting  a  great  many  alternating 
beds  of  shale  and  sandstone,  which  originally  enveloped  the  trunk  as 
it  stood  erect  in  the  waler.  Such  a  want  of  correspondence  in  the 
materials  outside  and  inside,  is  just  what  we  might  expect  if  we 
reflect  on  the  difference  of  time  at  which  the  deposition  of  sediment 
will  take  place  in  the  two  cases;  the  imbedding  of  the  tree  having 
gone  on  for  many  years  before  its  decay  had  made  mnch  progress. 

The  high  tides  of  the  Bay  of  Fundy,  rising  more  than  60  feet,  are 
so  destructive  as  to  undermine  and  sweep  away  continually  the 
whole  face  of  the  cliffs,  and  thus  a  new  crop  of  erect  trees  is  brought 
into  view  every  three  or  four  years.  They  are  known  to  extend 
over  a  space  between  two  and  three  miles  from  north  to  south,  and 
more  than  twice  that  distance  from  east  to  west,  being  seen  in  Ike 
banks  of  streams  intersecting  the  coal-field. 


r£:r*iSL:  js**^  -sncs  i>"ia  icror.  MiusaBaze  c^  S 

ccc:z*  5:rrr-.:n>*  d^^s  fZnA  vra.  r^nics  -jf  S 
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waiter  ;  l"^  «'*  cea^ix  =«pT*r  to.bt 
Kfxium,  ve  ^ooK  ^>  *  fressk  cr  F ^^^  aaoriae  4ep«ect ;  for  Ais  wiQ 
^sri  ^r^ja  <02T  tAida^  a  fixreectDB  li^^ser  cp  or  lover  dovii  ibe 
;T*r  or  6^Iai  depost.  Wfcea  ta«  PariKck  beds  of  the 
Wea^irxi  vcre  dfcjqiVd  in  Ckapu  JLVLLL.  I  cadeaToored  to  explam 
die  inrma:^  <»BOiMt»B  of  «tna  fxitJ  as  a  rirer's 
tbe  msfii^  l^vMS  of  a  deita.  or  in  die  sea.  after  a  d%!it 
geno^  of  XL^  la&i.  v  idi  iu  dirt-be»i& 

In  th^  E&ffli^  er^-fiddi  die  same  as»)ciati<A  of  fre^  or  radier 
bra^ki^h-va^sT  with  nnrine  strata,  in  dose  coasectkn  widi  beds  of 
coal  of  terr<sitHal  origin,  has  been  fireqneodj  recoenxzed.  Tlm^ 
for  «:za:::ipli(:.  a  <i«p^>Ht.  near  Sbrevibarj.  probablj  famed  in  bn^isli 
waU7,  La.4  l^wn  described  bj  Sir  R.  Morebison  as  dw  joangest 
m«nx»>*T  of  th^  carbooiferoas  series  of  tbat  district,  at  the  point 
wh^fTH  xh*:  co^Hneasores  are  in  eontact  with  tbe  Permian  or  '^Jjomtr 
X*nr  H^L"  It  coniitu  of  shales  and  sandstones  aboat  150  feet  thick, 
whi,  'y^^L  and  traces  of  plants ;  inclading  a  beil  of  limestone,  Tarjin^ 
fr/u>  2  to  (#  fe«t  in  thickness,  which  is  cellolar,  and  resembleB  some 
VktiH^xnut  limestones  of  France  and  Germanj.  It  has  been  traced 
ffft ''/}  uxiUa  in  a  straight  line,  and  can  be  recognized  at  still  more 
dijft^jt  points.  The  characteristic  fossils  are  a  small  biralTe,  baving^ 
the  VfUa  of  a  CyciaSf  a  smaU  Cypris  (fig.  376.).  and  tbe  microacopic 
%hfi\\  of  in  annelid  of  an  extinct  genos  caUed  JiiekroeomekmM  (fig.37o.j^ 
allied  to  Serpula  or  Spirorbig. 

In  the  lower  coal-measures  of  Coalbrook  Dale,  the  strata,  according 
to  3fr.  Prestwich,  often  change  completelj  within  very  short  distances^ 
Wiii  of  sandstone  passing  horizontallj  into  claj,  and  claj  into  sand- 
stone. Tf je  coal-seams  often  wedge  oat  or  disappear ;  and  sections* 
at  places  nearljr  contiguous,  present  marked  lithological  distinctions. 
In  this  single  field,  in  which  the  strata  are  from  700  to  800  feet 

*  GcoL  Qnart  Jooiil,  voL  iL  p  993. ;  sod  toL  tL  p  115. 
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thick,  betwe«n  fort;  and  lifly  species  of  terrestrial  plnnts  have 
been  discovered,  besides  several  fishes  aod  trilobites  of  forms  dis- 
tinct from  those  occurring  in  the  Silurian  strata.  Also  upwards 
of  fortj  species  of  moUusca,  among  which  are  two  or  three  referred 
to  the  freshwater  genus  Unio,  and  others  of  marine  forms,  such  as 
NautUa*,  Onkoctrat,  Spirifer,  and  Productus.  Mr.  Prestwich  sug- 
gests that  the  intermixture  of  beds  containing  freshwater  shells 
with  others  full  of  marine  remains,  and  the  alternation  of  coarse 
sandstone  and  conglomerate  with  beds  of  fine  clay  or  shale  contain- 
ing the  remains  of  plants,  ma;  be  explained  b^  supposing  the  de- 
posit of  Coatbrook  Dale  to  have  originated  in  a  bay  of  the  sea  or 
estuary  into  which  flowed  a  considerable  river  subject  to  occasional 
freshes.f 

In  the  Edinburgh  coal-field,  at  Burdiehouse,  fossil  fishes,  molluBca, 
and  cypris,  very  similar  to  those  in  Shropshire  and  Staflordshire, 
have  been  found  by  Dr.  Hibbert.}  In  the  coal-field  also  of  York- 
shire there  are  freshwater  strata,  some  of  wliich  contain  shells  re- 
ferred to  the  genus  Unio ;  but  in  the  midst  of  the  series  there  is  one 
thin  hut  very  widely  spread  stratum,  abounding  in  fishes  and  marine 
shells,  such  as  Ammonites  Litteri  (fig.  377.),  Orthoeeras,  and  Avicuta 
papyraeea,  (Joldf.  (fig.  378.)5 

Tig.  aiT.  Fit-  a;9. 


iFertr»  p^ptfrmeeiUt  Sow.) 

Vo  similarly  intercalated  layer  of  marine  shells  has  been  noticed 
in  the   neighbouring  coal-field  of  Newcastle,  where,  as  in  South 

*  SilorUn  Sjaieni,  p.  64.  Homer,  Edin.  New  Phil.  Joum.,  April, 

t  Fremwicb,  OeoL  Traoa.,  3d  Series,    1836. 
rol.  T.  p.  440.    UarduKm,  Siloriu  Sfs-         S   PluHip*  i   ^A   "  Geology,"  Enc}& 
tem,  p.  109.  Uetrop.,  p.  Geo, 
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Jet  VM9M  j«4  aan 

tfa^  ^^^I  piaAtii  of  th^  «Ml-Aea£srss  </  Europe  aod  NorA  AaKri 
aftd  X  Mdkj  ftfiiti  tiwt  iMT-tftiki  of  t&ose  coLecied  ia  Noivm  §codi  kmTe 
t^^tk  vi<tvti£e4  iritk  Earopean 
At  flk^  rem<4e  pmoil  under  < 

/y/firtiM«<  or  dMWi  cf  ufaadi  wLcre  the  Afiantir  nov  rolls  its  wa 
0<9^«M  ik  fair  mfereoee.  Nor  are  tLere  wanting  other  and  independent 
yf(0A%  M  JKi«fi  an  aneient  laiid  situated  to  the  eaitwaid  of  die  present 
Atfa/itk  eoaAt  of  2?orth  America ;  for  the  geologist  deduces  the  ame 
eoAdaw//n  from  the  mineral  eompoaition  of  the  carboniferons  and 
•#MAec4dergroopa<^roeki  aa  th^  are  dereloped  on  the  eastern  flanka 
iA  the  AlleghanieMy  eontrasted  with  their  character  in  the  low  ooontij 
t//  ili^  westward  of  those  motintaina. 

11»e  annexed  diagram  (fig.  379.)  will  aasist  the  reader  in  under- 

*  f1»infp«  i    art,  *"  Ooolog^r  Eocfc        f  Hemoin  of  GeoL  Svrej,  pp  51. 
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Standing  the  phenomena  now  alloded  to^  although  I  mml  guard  l»i™ 
against  supposing  that  it  is  a  true  section.  A  great  nomber  of 
details  have  of  necessity  been  omitted,  and  the  scale  (^  heights  and 
horizontal  distances  are  unaToidablj  fidsified. 

Starting  from  the  shores  of  the  Atlantic,  on  the  eastern  side  of 
the  Continent,  we  first  come  to  a  low  region  (a  b)^  which  was  called 
the  alluvial  plain  bj  the  first  geographers.  It  is  occupied  bj  tertiary 
and  cretaceous  strata,  before  described  (pp.  171. 206.  and  224.),  which 
are  nearly  horizontaL  The  next  belt,  from  b  to  c,  consists  of  granitic 
rocks  (hypogene),  chiefiy  gneiss  and  mica-schist,  coTered  occasionally 
with  unconformable  red  sandstone^  No.  4.  (New  Red  or  Trias  ?),  re- 
markable for  its  omithichnites  (see  p.  297.).  Sometimes,  also^  this 
sandstone  rests  on  the  edges  of  the  disturbed  paleozoic  rocks  (as  aeen 
in  the  section).  The  region  (b  c),  sometimes  called  the  **  Atlantic 
Slope,"  corresponds  nearly  in  ayerage  width  with  the  low  and  flat 
plain  (a,  b),  and  b  characterized  by  biUs  of  moderate  height,  con- 
trasting strongly,  in  their  rounded  shape  and  altitude,  with  the  Umg, 
steep,  and  lofty  parallel  ridges  of  the  Alleghany  mountains.  The 
out-crop  of  the  strata  in  these  ridges,  like  the  two  belts  of  hypogene 
and  newer  rocks  (a  b,  and  b  c),  above  alluded  to^  when  laid  down 
on  a  geological  map,  exhibit  long  stripes  of  difierent  c<^urs,  ronning 
in  a  N.  £.  and  S.  W.  direction,  in  the  same  way  as  the  lias,  chalk,  and 
other  secondary  formations  in  the  middle  and  eastern  half  of  England. 

The  narrow  and  parallel  zones  of  the  Appalachians  here  men- 
tioned, consist  of  strata,  folded  into  a  succession  of  convex  and  con- 
cave flexures,  subsequently  laid  open  by  denudation.  The  compo- 
nent rocks  are  of  great  thickness,  all  referable  to  the  SUnrian, 
Devonian,  and  Carboniferous  formations.  There  is  no  principal  or 
central  axis,  as  in  the  Pyrenees  and  many  other  chains  —  no  nudeos 
to  which  all  the  minor  ridges  conform  ;  but  the  chain  consists  of 
many  nearly  equal  and  pandlel  foldings,  having  what  is  termed  an 
anticlinal  and  synclinal  arrangement  (see  above,  p.  48.).  This  flystem 
of  hills  extends,  geologically  considered,  from  Vermont  to  Alabama, 
being  more  than  1000  miles  long,  from  50  to  160  miles  broad,  and 
varying  in  height  from  2000  to  6000  feet.  Sometimes  the  whole 
assemblage  of  ridges  runs  perfectly  straight  for  a  distance  of  more 
than  50  miles,  after  which  all  of  them  wheel  round  together,  and 
take  a  new  direction,  at  an  angle  of  20  or  30  degrees  to  the  first 

We  are  indebted  to  the  state  surveyors  of  Virginia  and  Pennsyl- 
vania, Prof.  W.  B.  Rogers  and  his  brother  Prof.  XL  D.  Rogers,  for 
the  important  discovery  of  a  clue  to  the  general  law  of  structure 
prevailing  throughout  this  range  of  mountains,  which,  however  simple 
it  may  appear  when  once  made  out  and  clearly  explained,  might  long 
have  been  overlooked,  amidst  so  great  a  mass  of  complicated  details. 
It  appears  that  the  bending  and  fracture  of  the  beds  is  greatest  on 
the  south-eastern  or  Atlantic  side  of  the  chain,  and  the  strata  become 
less  and  less  disturbed  as  we  go  westward,  until  at  length  they  regain 
their  original  or  horizontal  position.  By  reference  to  the  section 
(fig.  379.),  it  will^  be  seen  that  on  the  eastern  side,  or  in  the  ridges 
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and  troughs  nearest  the  Atlantic,  south-eastern  dips  predominate, 
in  consequence  of  the  beds  having  been  folded  back  upon  themselves, 
as  in  t,  those  on  the  north-western  side  of  each  arch  having  been  in- 
verted. The  next  set  of  arches  (such  as  k)  are  more  open,  each 
having  its  western  side  steepest ;  the  next  (/)  opens  out  still  more 
widely,  the  next  (m)  still  more,  and  this  continues  until  we  arrive 
at  the  low  and  level  part  of  the  Appalachian  coal-field  (d  b). 

In  nature,  or  in  a  true  section,  the  number  of  bendings  or  parallel 
folds  is  so  much  greater  that  they  could  not  be  expressed  in  a  diagram 
without  confusion.  It  is  also  clear  that  large  quantities  of  rock  have 
been  removed  hj  aqueotis  action  or  denudation,  as  will  appear  if  we 
attempt  to  complete  all  the  curves  in  the  manner  indicated  by  the 
dotted  lines  at  t  and  k. 

The  movements  which  imparted  so  uniform  an  order  of  arrange- 
ment to  this  vast  system  of  rocks  must  have  been,  if  not  contempo- 
raneous, at  least  parts  of  one  and  the  same  series,  depending  on  some 
common  cause.  Their  geological  date  is  well  defined,  at  least  within 
certain  limits,  for  they  must  have  taken  place  after  the  deposition  of 
the  carboniferous  strata  (No.  5.),  and  before  the  formation  of  the  red 
sandstone  (No.  4.).  The  greatest  disturbing  and  denuding  forces 
have  evidently  been  exerted  on  the  south-eastern  side  of  the  chain ; 
and  it  is  here  that  igneous  or  plutonic  rocks  are  observed  to  have 
invaded  the  strata,  forming  dikes,  some  of  which  run  for  miles  in 
lines  parallel  to  the  main  direction  of  the  Appalachians,  or  N.N.E. 
and  S.  S.  W. 

The  thickness  of  the  carboniferous  rocks  in  the  region  c,  is  very 
great,  and  diminishes  rapidly  as  we  proceed  to  the  westward.  The 
surveys  of  Pennsylvania  and  Virginia  show  that  the  south-east  was 
the  quarter  whence  the  coarser  materials  of  these  strata  were  derived, 
so  that  the  ancient  land  lay  in  that  direction.  The  conglomerate 
which  forms  the  general  base  of  the  coal-measures  is  1500  feet  thick 
in  the  Sharp  Mountain,  where  I  saw  it  (at  c)  near  Pottsville ;  whereas 
it  has  only  a  thickness  of  500  feet,  about  thirty  miles  to  the  north- 
west, and  dwindles  gradually  away  when  followed  still  farther  in 
the  same  direction,  till  its  thickness  is  reduced  to  30  feet.*  .  The 
limestones,  on  the  other  hand,  of  the  coal-measures,  augment  as  we 
trace  them  westward.  Similar  observations  have  been  made  in 
regard  to  the  Silurian  and  Devonian  formations  in  New  York ;  the 
sandstones  and  all  the  mechanically-formed  rocks  thinning  out  as  they 
go  westward,  and  the  limestones  thickening,  as  it  were,  at  their 
expense.  It  is,  therefore,  clear  that  the  ancient  land  was  to  the  east, 
where  the  Atlantic  now  is ;  the  deep  sea,  with  its  banks  of  coral  and 
shells  to  the  west,  or  where  the  hydrographical  basin  of  the  Missis- 
sippi is  now  situated. 

In  that  region,  near  Pottsville,  where  the  thickness  of  the  coal- 
measures  is  greatest,  there  are  thirteen  seamsof  anthracitic  coal,  several 
of  them  more  than  2  yards  thick.      Some  of  the  lowest  of  these 

*  H.  D.  Bogera,  Trans.  Assoc  Amer.  Geo!.,  1840-42,  p.  440. 
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alternate  with  beds  of  white  grit  and  conglomerate  of  coarser  grain 

than  I  ever  saw  elsewhere^  associated  with  pure  coal.     The  pebbles 

of  quartz  are  often  of  the  size  of  a  hen's  egg.     On  following  these 

pudding-stones  and  grits  for  several  miles  from  Potts ville,  bjTamaqua, 

to  the  Lehigh  Summit  Mine,  in  company  with  Mr.  H.  D.  Rogers,  in 

1841,  he  pointed  out  to  me  that  the  coarse-grained  strata  and  their 

accompanying  shales  gradually  thin  out,  until  seven  seams  of  coal,  at 

first  widely  separated,  are  brought  nearer  and  nearer  together,  until 

they  successively  unite ;  so  that  at  last  they  form  one  mass,  between 

40  and  50  feet  thick.     I  saw  this  enormous  bed  of  anthracitic  coal 

quarried  in  the  open  air  at  Mauch  Chunk  (or  the  Bear  Mountain),  the 

overlying  sandstone,  40  feet  thick,  having  been  removed  bodily  from  the 

top  of  the  hill,  which,  to  use  the  miner's  expression,  had  been  ''scalped.'* 

The  accumulation  of  vegetable  matter  now  constituting  this  vast  bed 

of  anthracite,  may  perhaps,  before  it  was  condensed  by  pressure  and 

the  discharge  of  its  hydrogen,  oxygen,  and  other  volatile  ingredients, 

have  been  between  200  and  300  feet  thick.     The  origin  of  such  a  vast 

thickness  of  vegetable  remains,  so  unmixed  with  earthy  ingredientSy 

can,  I  think,  be  accounted  for  in  no  other  way,  than  by  the  growth, 

during  thousands  of  years,  of  trees  and  ferns,  in  the  manner  of  peat, 

— a  theory  which  the  presence  of  the  Stigmaria  in  situ  under  each  of 

the  seven  layers  of  anthracite,  fully  bears  out.     The  rival  hypothesis, 

of  the  drifting  of  plants  into  a  sea  or  estuary,  leaves  the  absence  of 

sediment,  or,  in  this  case,  of  sand  and  pebbles,  wholly  unexplained. 

But  the  student  will  naturally  ask,  what  can  have  cauEcd  so  many 
seams  of  coal,  after  they  had  been  persistent  for  miles,  to  come  to- 
gether and  blend  into  one  single  seam,  and  that  one  equal  in  the 
aggi*6g&te  to  the  thickness  of  the  several  separate  seams  ?  Often  had 
the  same  question  been  put  by  English  miners  before  a  satisfactory 
answer  was  given  to  it  by  the  late  Mr.  Bowman.  The  following  is 
his  solution  of  the  problem.     Let  a  a%  fig.  380.,  be  a  mass  of  vegetable 
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matter,  capable,  when  condensed,  of  forming  a  3-foot  seam  of 
coaL  It  rests  on  the  underclay  b  b\  filled  with  roots  of  trees  tn 
sitUj  and  it  supports  a  growing  forest  (c  d).  Suppose  that  part  of 
the  same  forest  d  e  had  become  submerged  by  the  ground  sinking 
down  25  feet,  so  that  the  trees  have  been  partly  thrown  down  and 
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partly  remain  erect  in  water,  slowly  decaying,  their  stumps  and  the 
lower  parts  of  their  trunks  being  enveloped  in  layers  of  sand  and  mud, 
which  are  gradually  filling  up  the  lake  d  f.  When  this  lake  or 
lagoon  has  at  length  been  entirely  silted  up  and  converted  into  land, 
say,  in  the  course  of  a  century,  the  forest  c  d  will  extend  once  more 
continuously  over  the  whole  area  c  f,  as  in  fig.  381.,  and  another  mass 
of  vegetable  matter  (^^),  forming  3  feet  more  of  coal,  may  accumulate 
from  c  to  F.  We  then  find  in  the  region  f,  two  seams  of  coal  {of  and  g^) 
each  3  feet  thick,  and  separated  by  25  feet  of  sandstone  and  shde, 
with  erect  trees  based  upon  the  lower  coal,  while,  between  d  and  c, 
we  find  these  two  seams  united  into  a  2-yard  coal.  It  may  be  ob- 
jected  that  the  uninterrupted  growth  of  plants  during  the  interval  of 
a  century  will  have  caused  the  vegetable  matter  in  the  region  c  d  to 
be  thicker  than  the  two  distinct  seams  a'  and  ^  at  f  ;  and  no  doubt 
there  would  actually  be  a  slight  excess  representing  one  generation  of 
trees  with  the  remains  of  other  plants,  forming  half  an  inch  or  an 
inch  of  coal ;  but  this  would  not  prevent  the  miner  from  affirming 
that  the  seam  a  g^  throughout  the  area  c  d,  was  equal  to  the  two 
seams  a'  and  g^  at  f. 

The  reader  has  seen,  by  reference  to  the  section  (fig.  379.  p.  327. )> 
that  the  strata  of  the  Appalachian  coal-field  assume  an  horizontal  posi- 
tion west  of  the  mountains.  In  that  less  elevated  country,  the  coal- 
measures  are  intersected  by  three  great  navigable  rivers,  and  are 
capable  of  supplying  for  ages^  to  the  inhabitants  of  a  densely  peopled 
region,  an  inexhaustible  supply  of  fueL  These  rivers  are  the  Monon- 
gahela,  the  Alleghany,  and  the  Ohio,  all  of  which  lay  open  on  their 
banks  the  level  seams  of  coal.  Looking  down  the  first  of  these  at 
Brownsville,  we  have  a  fine  view  of  the  main  seam  of  bituminous 
coal  10  feet  thick,  commonly  called  the  Pittsburg  seam,  breaking  out 
in  the  steep  cliff  at  the  water's  edge ;  and  I  made  the  accompanying 
sketch  of  its  appearance  from  the  bridge  over  the  river  (see  fig.  382.). 
Here  the  coal,  10  feet  thick,  is  covered  by  carbonaceous  shale  (6), 
and  this  again  by  micaceous  sandstone  (c).  Horizontal  galleries  may 
be  driven  everywhere  at  very  slight  expense,  and  so  worked  as  to 
drain  themselves,  while  the  cars,  laden  with  coal  and  attached  to  each 
other,  glide  down  on  a  railway,  so  as  to  deliver  their  burden  into 
barges  moored  to  the  river's  bank.  The  same  seam  is  seen  at  a  dis- 
tance, on  the  right  bank  (at  a),  and  may  be  followed  the  whole  way 
to  Pittsburg,  fifty  miles  distant.  As  it  is  nearly  horizontal,  while  the 
river  descends  it  crops  out  at  a  continually  increasing,  but  never  at 
an  inconvenient,  height  above  the  Monongahela.  Below  the  great 
bed  of  coal  at  Brownsville  is  a  fire-clay  18  inches  thick,  and 
below  this,  several  beds  of  limestone,  below  which  again  are  other 
coal  seams.  I  have  also  shown  in  my  sketch  another  layer  of  work- 
able coal  (at  d  cf),  which  breaks  out  on  the  slope  of  the  hills  at  a 
greater  height.  Here  almost  every  proprietor  can  open  a  coal-pit 
on  his  own  land,  and  the  stratification  being  very  regular,  he  may 
calculate  with  precision  the  depth  at  which  coal  may  be  won. 

The  Appalachian  coal-field,  of  which  these  strata  form  a  part 
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{from  C  to  K,  section,  fig.  379.,  p.  327.),  is  rcninrkable  for  its  vaat  aroa  j 
f<ir,  u(;f(jr'Uii<!  tii  Prufusaur  H.  D.  Itogcris  it  stretches  continuvu»lj 
fnnji  N.  K.  to  S.'^V.,  for  a  distance  of  720  miKs,  its  greatest  width 
bc'ing  about  180  iiiik-s.  On  a  moderate  estimate,  its  superficial  area 
amounts  to  <).<,(K)0  Hi]uarc  miles. 

Tliis  coal  formotion,  before  its  original  limits  wen  reduced  by 
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denudation,  must  have  measured  900  miles  in  length,  and  in  some 
places  more  than  200  miles  in  breadth.  By  again  referring  to  the 
section  (fig.  379.,  p.  327.),  it  will  be  seen  that  the  strata  of  coal  are 
horizontal  to  the  westward  of  the  mountains  in  the  region  d  k,  and 
become  more  and  more  inclined  and  folded  as  we  proceed  eastward. 
Now  it  is  invariably  found,  as  Professor  H.  D.  Rogers  has  shown  by 
chemical  analysis^  that  the  coal  is  most  bituminous  towards  its 
western  limit,  where  it  remains  level  and  unbroken,  and  that  it 
becomes  progressively  debituminized  as  we  travel  south-eastward 
towards  the  more  bent  and  distorted'  rocks.  Thus,  on  the  Ohio,  the 
proportion  of  hydrogen,  oxygen,  and  other  volatile  matters,  ranges 
from  forty  to  fifty  per  cent.  Eastward  of  this  line,  on  the  Mononga- 
hela,  it  still  approaches  forty  per  cent.,  where  the  strata  begin  to 
experience  some  gentle  flexures.  On  entering  the  Alleghany  Moun- 
tains, where  the  distinct  anticlinal  axes  begin  to  show  themselves, 
but  before  the  dislocations  are  considerable,  the  volatile  matter  is 
generally  in  the  proportion  of  eighteen  or  twenty  per  cent  At 
length,  when  we  arrive  at  some  insulated  coal-fields  (5^,  ^g.  379.)  as- 
sociated with  the  boldest  flexures  of  the  Appalachian  chain,  where 
the  strata  have  been  actually  turned  over,  as  near  Pottsville,  we  find 
the  coal  to  contain  only  from  six  to  twelve  per  cent,  of  bitumen,  thus 
becoming  a  genuine  anthracite.* 

It  appears  from  the  researches  of  Liebig  and  other  eminent 
chemists,  that  when  wood  and  vegetable  matter  are  buried  in  the 
earth,  exposed  to  moisture,  and  partially  or  entirely  excluded  from 
the  air,  they  decompose  slowly  and  evolve  carbonic  acid  gas,  thus 
parting  with  a  portion  of  their  original  oxygen.  By  this  means, 
they  become  gradually  converted  into  lignite  or  wood-coal,  which 
contains  a  larger  proportion  of  hydrogen  than  wood  does.  A  con- 
tinuance of  decomposition  changes  this  lignite  into  common  or  bitu- 
minous coal,  chiefly  by  the  discharge  of  carburetted  hydrogen,  or  the 
gas  by  which  we  illuminate  our  streets  and  houses.  According  to 
Bischofi*,  the  inflammable  gases  which  are  always  escaping  from 
mineral  coal,  and  are  so  often  the  cause  of  fatal  accidents  in  mines, 
always  contain  carbonic  acid,  carburetted  hydrogen,  nitrogen,  and 
olifiant  gas.  The  disengagement  of  all  these  gradually  transforms 
ordinary  or  bituminous  cool  into  anthracite,  to  which  the  various 
names  of  splint  coal,  glance  coal,  culm,  and  many  others,  have  been 
given. 

We  have  seen  that,  in  the  Appalachian  coal-field,  there  is  an 
intimate  connection  between  the  extent  to  which  the  coal  has  parted 
with  its  gaseous  contents,  and  the  amount  of  disturbance  which  the 
strata  have  undergone.  The  coincidence  of  these  phenomena  may 
be  attributed  partly  to  the  greater  facility  afibrded  for  the  escape  of 
volatile  matter,  where  the  fracturing  of  the  rocks  had  produced  an 
infinite  number  of  cracks  and  crevices,  and  also  to  the  heat  of  the 
gases  and  water  penetrating  these  cracks,  when  the  great  movements 
took  place,  which  have  rent  and  folded  the  Appalachian  strata.     It 

*  Trans,  of  Abu  of  Amer.  OeoL,  p.  470^ 
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U  wi»ll  known  that,  at  the  present  period,  thermal  waters  and  hot 
vtt|M.iii«  burnt  out  from  the  earth  during  earthquakes,  and  these 
WMMlil  not  ('nil  to  promote  the  disengagement  of  volatile  matter  from 
this  narlionlfnrouH  rooks. 

^'f»'^iiHuii^  of  teams  of  coaL—Aa  single  seams  of  coal  are  con- 
lIuMouN  i»vor  vory  wide  areas,  it  has  been  asked,  how  forests  could 
Imvo  iimvuUod  unintorruptedly  over  such  wide  spaces,  without  being 
ohtihur  tloudtnl  by  turbid  rivers,  or,  when  submerged,  denuded  by 
iiiHi'iiio  currohU.  It  appears,  from  the  description  of  the  Cape 
Uirh»ii  oowMUad.  by  Mr.Uiehard  Brown,  that  false  stratification  is 
(uiiiiiuou  III  the  beils  of  sand,  and  some  partial  denudation  of  these,  at 
limvli  iiiunt  often  have  taken  pUce  during  the  accumulation  of  the 
imrtHiiiirurous  series. 

Ill  the  Forest  of  Dean,  ancient  river-channels  are  found,  which 
pHHN  through  beds  of  coal,  and  in  which  rounded  pebbles  of  coal 
iHuuir.  They  are  of  older  date  than  the  overlying  and  undis- 
turhed  coal-measures.  The  late  Mr.  Buddie,  who  described  them 
to  me,  told  me  he  had  seen  similar  phenomena  in  the  Newcastle 
ooul-field.  Nevertheless,  instances  of  these  channels  are  much  more 
rare  than  we  might  have  anticipated,  especially  when  we  remember 
liow  often  the  roots  of  trees  {Stigmaria:)  have  been  torn  up,  and 
drifted  in  broken  fragments  into  the  grits  and  sandstones.  The 
prevalence  of  a  downward  movement  is,  no  doubt,  the  principal  cause 
which  has  saved  so  many  extensive  seams  of  coal  from  destruction 
by  fluviatile  action. 

The  purity  of  the  coal,  or  its  non-intermixture  with  earthy  matter, 
presents  another  theoretical  difficulty  to  many  geologists,  who  are 
inclined  to  believe  that  the  trees  and  smaller  plants  of  the  carbon- 
iferous  period  grew  in  extensive  swamps,  rather  than  on  land  not 
liable  to  be  inundated.  It  appears,  however,  that  in  the  alluvial 
plain  and  delta  of  the  Mississippi,  extensive  *'  cypress  swamps,"  as 
they  are  called,  densely  covered  with  various  trees,  occur,  into  whieh 
no  matter  held  in  mechanical  suspension  is  ever  introduced  during  the 
greatest  inundations,  inasmuch  as  they  are  all  surrounded  by  a  dense 
marginal  belt  of  reeds,  canes,  and  brushwood.  Through  this  thick 
barrier  the  river-water  must  pass,  so  that  it  is  invariably  well  filtered 
before  it  can  reach  the  interior  of  the  forest-covered  area,  within 
which,  vegetable  matter  is  continually  accumulating  from  the  decay  of 
trees  and  semi-aquatic  plants.  In  proof  of  this,  I  may  observe,  that 
whenever  any  part  of  a  swamp  is  dried  up,  during  an  unusually  hot 
season,  and  the  wood  set  on  fire,  pits  are  burnt  into  the  ground  many 
feet  deep,  or  as  far  down  as  the  fire  can  descend  without  meeting 
with  water,  and  it  is  then  found  that  scarcely  any  residuum  or 
earthy  matter  is  left.*  At  the  bottom  of  all  these  "  cypress  swamps  * 
of  the  Mississippi,  a  bed  of  clay  is  found,  with  roots  of  the  tall 
cypress  {Taxodium  distichum),  just  as  the  underclays  of  the  coal  are 
filled  with  Stigmaria. 

*  Lyell'a  Second  Visit  to  the  U.  S^  toL  ii.  p.  245.  American  Jonm.  of  Sd. 
2d  series,  toL  y.  p.  17. 
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Climate  of  Coal  Period.  —  So  long  as  the  botanist  taught  that  a 
tropical  climate  was  implied  by  the  carboniferous  flora,  geologists 
might  well  be  at  a  loss  to  reconcile  the  preservation  of  so  much 
vegetable  matter  with  a  high  temperature ;  for  heat  hastens  the 
decomposition  of  fallen  leaves  and  trunks  of  trees,  whether  in  the 
atmosphere  or  in  water.*  It  is  well  known  that  peat,  so  abundant  in 
the  bogs  of  high  latitudes,  ceases  to  grow  in  the  swamps  of  warmer 
regions.  It  seems,  however,  to  have  become  a  more  and  more 
received  opinion,  that  the  coal-plants  do  not,  on  the  whole,  indicate  a 
climate  resembling  that  now  enjoyed  in  the  equatorial  zone.  Tree- 
ferns  range  as  far  south  as  the  southern  part  of  New  Zealand,  and 
Araucarian  pines  occur  in  Norfolk  Island.  A  great  predominance 
of  ferns  and  Ijcopodiums  indicates  warmth,  moisture,  equability  of 
temperature,  and  freedom  from  frost,  rather  than  intense  heat ;  and 
we  know  too  little  of  the  sigillarise,  catamites,  asterophyllites,  and 
other  peculiar  forms  of  the  carboniferous  period,  to  be  able  to  specu- 
late with  confidence  on  the  kind  of  climate  they  may  have  required. 

No  doubt,  we  are  entitled  to  presume,  from  the  corals  and  cephalo- 
poda of  the  mountain  limestone,  that  a  warm  temperature  charac- 
terized the  northern  seas  in  the  carboniferous  era ;  but  the  absence 
of  cold  may  have  given  rise  (as  at  present  in  the  seas  of  the  Ber- 
mudas, under  the  influence  of  the  gulf  stream)  to  a  very  wide  geo- 
graphical range  of  stone-building  corals  and  shell-bearing  cuttle-fish, 
without  its  being  necessary  to  call  in  the  aid  of  tropical  heat.f 


CARBONIFEROUS  REPTILES. 

Where  we  have  evidence  in  a  single  coal-field,  as  in  that  of 
Nova  Scotia,  or  South  Wales,  of  fifty  or  even  a  hundred  ancient 
forests  buried  one  above  the  other^  with  the  roots  of  trees  still  in 
their  original  position,  and  with  some  of  the  trunks  still  remain- 
ing erect,  we  are  apt  to  wonder  that  until  the  year  1844  no  remains 
of  contemporaneous  >  air-breathing  creatures,  except  a  few  insects, 
had  been  discovered.  No  vertebrated  animals  more  highly  organ- 
ized than  fish,  no  mammalia  or  birds,  no  saurians,  frogs,  tortoises, 
or  snakes,  were  yet  known  in  rocks  of  such  high  antiquity.  In 
the  coal-field  of  Coalbrook  Dale  mention  had  been  made  of  two 
species  of  beetles  of  the  family  CurcuHonidm^  and  of  a  neuropterous 
insect  resembling  the  genus  Corydalis,  with  another  related  to  the 
PhasmicUs.X  In  other  coal-measures  in  Europe  we  find  notice  of  a 
scorpion  and  of  a  moth  allied  to  TineOy  also  of  one  air-breathing 
crustacean,  or  land-crab.  Yet  Agassiz  had  already  described  in  his 
great  work  on  fossil  fishes  more  than  one  hundred  and  fifty  species 
of  ichthyolites  from  the  coal  strata,  ninety-four  belonging  to  the 
families  of  shark  and  ray,  and  fifty-eight  to  the  class  of  ganoids. 
Some  of  these  fish  are  very  remote  in  their  organization  from  any 

*  Principles  of  G^l.,  p>  696.  %  GeoL  Trans.,  2d  series,  vol  vi  p.  330. 

f  Fur  changes  in  cliinate,  see  Princi- 
ples of  OeoL,  chaps,  lii  and  viiL 
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DOW  tiring,  especuU^  thoae  of  tbe  funilj  called  Samroid  hj  Agaau  ; 
as  XegalUklk^t,  Holophfckuu,  moA  others,  which  an  trflcn  frf*  great 
oze,  kod  all  predaMOtu.  Their  oeteologj,  sajs  M.  kgatnx,  reaunda 
^,  a^  lu  in  manj  respects  of  the  (kdetona  of  saiiruui 

fvptilea,  both  bj  the  close  sntum  of  tbe  bonea 
of  the  skall,  their  large  conical  teeth  atriated 
loDgitudinallj  (lee  fig.  383.),  ibe  articidatiaiis 
of  the  spinoo*  proc«sMs  with  the  Tcrtebne,  and 
other  characters.  Yet  they  do  not  form  a  &iiulj 
intermediate  between  fish  and  reptilea,  bnt  are 
tme  ,/Eul,  though  donbtless  more  higblj  at- 
ganized  than  anj  liiing  fish.* 

The  annexed  figure  repreftents  a  large  tootb 
of  the  Megalicktkj/t,  found  bj  Kir.  Homer  ia 
the  Cannel  coal  of  ^feshire.  It  probablj  in- 
habited an  estnarj,  like  many  of  its  omtempo- 
rsries,  end  frequented  both  rivers  and  tbe  M«. 
At  length,  in  1844,  the  first  skeleton  of  »  tnie 
'  reptile  was  annoanced  from  the  coal  of  Mnnater- 
Appel  in  Rhenish  BaTaria,  bj  H.  Ton  Mef«r, 
^^  under  the  name  of  Apa- 

ttom  pfdatrit,  the  aniTial 
being  supposed  tobe  nesrlj 
related  to  the  «alamtuider&. 
Three  years  later,  in  1847, 
Prof,  von  Dechen  found 
in  the  coal-field  of  Saar- 
bmck,  at  the  Tillage  of 
Lebach,  between  Stra^bur^ 
and  Treves,  tbe  gkeletooa 
of  no  less  than  three  dis- 
tinct species  of  air-breath- 
ing reptiles,  which  were 
described  by  the  late  Prof. 
GoldfuBB  uniler  the  generic 
name  of  Arthegotaut-UM. 
The  ichthyolites  and  plants 
found  in  the  same  strata, 
left  no  doubt  that  these  re- 
mains belonged  to  the  true 
coal  period.  The  akuUa, 
teeth,  and  the  greater  por- 
tione  of  the  skeleton,  nay, 
even  a  large  part  of  the 
skin,  of  two  of  these  rep- 
tiles have  been  faithfully 
preserved   in    the    centra 


Fm^I  rtpttli  from 


1,  PoiK.  Fo8».,  liv.  *,  p.  63.  and  lir.  S.  p.  88. 
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of  spheroidal  concretions  of  clay-iron-stone.  The  largest  of  these 
lizards,  Archegosaurtts  Decheni^  must  have  been  3  feet  6  inches  long. 
The  annexed  drawing  represents  the  smallest  of  the  three  of  the 
natural  size.  They  were  considered  by  Goldfuss  as  saurians,  but  by 
Herman  von  Meyer  as  most  nearly  allied  to  the  Lahyrinthodon,  and 
therefore  connected  with  the  batrachians,  as  well  as  the  lizards. 
The  remains  of  the  extremities  leave  no  doubt  that  they  were 
quadrupeds^  "  provided,"  says  Von  Meyer,  "  with  hands  and  feet  ter- 
minating in  distinct  toes ;  but  these  limbs  were  weak,  serving  only 
for  swimming  or  creeping."  The  same  anatomist  has  pointed  out 
certain  points  of  analogy  between  their  bones  and  those  of  the  Pro- 
tens  anguintts ;  and  Mr.  Owen  has  observed  to  me  that  they  make 
an  approach  to  the  Proteus  in  the  shortness  of  their  ribs.  Two  of 
these  ancient  reptiles  retain  a  large  part  of  the  outer  skin,  which 
Y\g,2»s,  consisted    of   long,    narrow,  wedge- 

shaped,   tile- like,   and  horny  scales, 
arranged  in  rows  (see  fig.  385.). 

Cheirotherian  footprints    in   coal 
measures^  United  States,  —  In  1844, 
imbricated^coj^eri^c^^^  the  Yerj  year  when  the  Apateon  or 

magnified.*  Salamander  of  the  coal  was  first  met 

with  in  the  country  between  the  Moselle  and  the  Rhine,  Dr.  King 
published  an  account  of  the  footprints  of  a  large  reptile  discovered 
by  him  in  North  America.  These  occur  in  the  coal  strata  of 
Greensburg,  in  Westmoreland  County,  Pennsylvania ;  and  I  had  an 
opportunity  of  examining  them  in  1846.  I  was  at  once  convinced 
of  their  genuineness,  and  declared  my  conviction  on  that  point,  on 
which  doubts  had  been  entertained  both  in  Europe  and  the  United 
States.  The  footmarks  were  first  observed  standing  out  in  relief 
from  the  lower  surface  of  slabs  of  sandstone,  resting  on  thin  layers 
of  fine  unctuous  clay.  I  brought  away  one  of  these  masses,  which 
is  represented  in  the  accompanying  drawing  (fig.  386.).  It  displays, 
together  with  footprints,  the  casts  of  cracks  (a,  a^)  of  various  sizes. 
The  origin  of  such  cracks  in  clay,  and  casts  of  the  same,  has  before 
been  explained,  and  referred  to  the  drying  and  shrinking  of  mud, 
and  the  subsequent  pouring  of  sand  into  open  crevices.  It  will  be 
seen  that  some  of  the  cracks,  as  at  6,  c,  traverse  the  footprints,  and 
produce  distortion  in  them,  as  might  have  been  expected,  for  the 
mud  must  have  been  soft  when  the  animal  walked  over  it  and  left 
the  impressions ;  whereas,  when  it  afterwards  dried  up  and  shrank, 
it  would  be  too  hard  to  receive  such  indentations. 

No  less  than  twenty-three  footsteps  were  observed  by  Dr.  King  in 
the  same  quarry  before  it  was  abandoned,  the  greater  part  of  them 
so  arranged  (see  fig.  387.)  on  the  surface  of  one  stratum  as  to  imply 
that  they  were  made  successively  by  the  same  animal.  Everywhere 
there  was  a  double  row  of  tracks,  and  in  each  row  they  occur  in 

'*  Goldfuss,  Nene  Jenaische  Lit.  Zeit,  1848. ;  and  Yon  Mejer,  Quart  GeoL 
Journ.,  YoL  iv.  p.  51.,  memoirs. 

Z 
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f^r%  tkfil.  ptl:  <3>=.rUrI=^  '■.{  *  ii^i  a^i  :*-:oc  foot.  >Dd  eacli  b«iag  at 
tw.'lr  V.  ^  'lli-.»aciii  6^jin  tL*  r.ixt  pair.  la  t*ch  panllel  rww  the 
fy;?  tvT.  :':.':  '*%  i«  to  tl*  r.gi.t,  iLe  octer  lo  U«  bft.  In  the 
£.."/p's*fc  ^'An>'>/A<rt«Hi,  btiore  ce&u:-^'^  pu  290,t  both  tt«  Uod 
bTi^  f'>r«  f>;3<:t  har^  *«cL  £Te  to^s,  asd  the  silt  oi  Xht  hind  fool  u 
i'-y.-it  f.ri  t::i^<ri  M  lu^e  u  tb-^  f>r«  tV-l.  In  the  AmeriAD  fossl 
the  iZ/rKci'-r  f'Atpriat  )■  dm  e^ta  mke  »»  large  ts  the  laterior, 
ks.'i  th<:  n'jy..!>^r  '^f  tv^  U  nO'^a&L  be:3z  fire  in  the  hinder  utd  four 
in  th'i  WiKrH'.r  fv/t.  In  xtat,  &=  in  the  European  CktimtArriium^  oae 
t/f*  •tati-l!  o'ii  Hk*:  •  thumb,  and  iLei^  tbiinib-like  toe^  tnni  the  one 
•<:t  u.  tr.<;  r'.-^i.t,  ftii'I  tht  Other  w  the  left.  The  American  Ckeiro- 
thtri'im  M-u  evj'I':iit!r  a  hroad»;r  animal,  and  belonged  to  a  dudnct 
g':(i'H  from  ti.kt  i.f  t!i<;  triaiiic  age  in  Europe.* 

V>'':  may  a^Tiim^  that  the  reptile  which  Itft  these  prints  on  the 

'  iyx  Lvtll'i  ScooDd  Tifit,  Lc.,  toL  ii  |<.  30S. 
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Series  of  reptilian  footprints  in  the  coal-strata  of  Westmorland 

County,  Pennsylvania. 

a.  Harkofuail? 


ancient  sands  of  the  coal-measures  was  an  air-breather,  because  its 
weight  would  not  have  been  sufficient  under  water  to  have  made 
impressions  so  deep  and  distinct.  The  same  conclusion  is  also  borne 
out  bj  the  casts  of  the  cracks  above  described,  for  thej  show  that 
the  claj  had  been  exposed  to  the  air  and  sun,  so  as  to  have  dried  and 
shrunk. 

The  geological  position  of  the  sandstone  of  Grreensburg  is  perfectly 
clear,  being  situated  in  the  midst  of  the  Appalachian  (X)al- field, 

z  S 


MO  ro»aj  or  the  Cc^xxt. 

Aa»>«r«>  f^wc^nm  «f  a  ivee  n^cile  (^  k1  aU^  A^  ksic 
KMK  i^  f-xskj  (I^tt  ,  b*  Kr.  isMc  La.  is  ife  bwctt  kA  tf  ife 

be  Mid  tr»  bare  tttt  fouMTti  gf  two  icpciSiBc  of  tte  cm^  faiot, 
tod  tbe  ikdcuos  of  toar.* 


We   t«T«   kIradT  seen   t^ai   lUf   rock   Be   i 

bfpf*^  tbe  eoal-Hcssares.  vbi)^  n 
'^^  it  T^'^'iiih  I  vilb  tbe   itiiV"  aad  wJiIiimi.  at  dv 

fdwL     la  botb  cases  it  k  d^sotste  4^  In^  phan 
■od  lemDr  chaiyd  with  eoc«lv  vhkk  w  «Ae«  of 
Urft  moi;  and  aerenl  speocf  telig  *-  t't  lawilfi 
ftnMM  das  of  Luaait^  vhieh  cater  laigelj   iatQ 
tbe  HmctoK  of  eonl  tvc&  aom  gnmiag.     TWie 
■n  alio  a  gnat  nsmba'  of  CriMoidra  f  aee  Sg.  38&.). 
aad  afcwEnlaanJeTM,  aaaotiaied  with  the  mojJiti^ 
abore  Boitiofied.     Tbe   Brat  kief  adm   coowitiiU  « 
large  proportion  of  tbe  MoOoKm,  manj  iperiej  fao^ 
refenUe  to  twoextioct  gcDoa,  SpinftT(<ir  Spir^ewm) 
(fig.  3W.>  and  Phfdmttmt  (Lrplrmm)  {6g.  390.). 
rjirtai^ii  J -I  I  I        Amot^  tbe  ffnralimiTalTe  shells  tbe  extinct  gen^ 
y^"-  -  *'^'*'  £wM(/Hki/w  fwe  fig.  391.)  ii  coe  of  the  eoKuwioeaft 
fiiub  oi  tbe  Moaoiain  Umenooe.     In  tbe  int^ricv 
it  a  <4Uai  dirided  iuo  cbamhera  (see  fig.  391.  if) ;  tbe  Kpta  or  par- 
titiotu  not  being  perforated,  ai  io  foranuniferous  shclk,  or  in  ttwoc 


haring  riphttnclea,  like  the  Kantilas.    The  animal  appears,  like  the 
recent  Bulimut  dteoQalut,  to  bare  retreated  at  diSeient  periods  of 

■  TbcM  impnnknu,  foDiid  by  Mr.  aeccvdiog  to  Ur.  H.  D.  BoKcn,  the]r  ai» 
Lca,mn  imaginal  to  be  in  ■  rack  ■■  m  tbe  la«c«t  part  of  tbe  ooal  faimaiiaQ, 
■ociait  M  ttic  old  red  MsditODC;  but. 


HOCKTAIN  LIUE8T0NB. 
Fig.nt. 


its  growth,  from  the  internal  cavity  previously  formed,  and  to  have 
closed  all  commu a i cation  witti  it'  by  a  septum.  The  naniter  of 
chambers  is  irregular,  and  they  are  generally  wanting  in  the  inner* 
most  whorL 

There  are  also  many  univalve  and  bivalve  shells  of  existing  genera 
in  the  Mountain  limestone,  such  as  Turritella,  Bwximtm,  Patelia, 
Itocardia,  Nueula,  and  Pecten.*  But  the  Cephalopoda  depart,  in 
general,  more  widely  from  living  forms,  some  being  genericolly  dis- 
tinct from  all  those  found  in  strata  newer  than  the  coaL  In  this 
number  may  be  mentioned  Orthoceriu,  a  eiphnncled  and  chambered 
shell,  like  a  Nautilus  uncoiled  and  straigbtend.  Some  speciea  of 
this  genus  are  several  feet  long  (fig.  392.).    The  Goniatite  is  another 


genas,  nearly  allied  to  the  Ammonite,  from  which  it  differs  in  having 
the  lobes  of  the  septa  free  from  lateral  denticulations,  or  crenatures  ; 
so  that  the  outline  of  these  is  continuous  and  uninterrupted  (see  a, 
fig.  393.).  Their  siphon  is  small,  uid  in  the  form  of  the  strira  of 
growth  they  resemble  JVatttili.     Another  extinct  generic  form  of 

•  Fhillips,  QmL  of  Torksh.,  toL  ii.  p.  soe. 


ULJ    2^    • 


'm\*A  -^ui  •  'M  kvi  ^mifiKiTaft.':     Tie  1 

••^^•Wi  -^  Ift'jjti",  ■St*  ^  OW  £«"  ttciins*  *TtVJr  «c  ;•£  a 
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Here,  as  usual,  fossils  are  extremely  rare  in  the  clajs  and  sand- 
stones in  which  the  red  oxide  of  iron  prevails ;  but  remains  of  fishes 
of  the  genera  Cephakupis  and  Onchus  have  been  discovered  in  the 
Cornstone. 

The  whole  of  the  northern  part  of  Scotland,  from  Cape  Wrath  to 
the  southern  fiank  of  the  Grampians,  has  been  well  described  by 
Mr.  Miller  as  consisting  of  a  nucleus  of  granite,  gneiss,  and  other 
hypogene  rocks,  which  seem  as  if  set  in  a  sandstone  frame.*  The 
beds  of  the  Old  Red  Sandstone  constituting  this  frame  may  once 
perhaps  have  extended  continuously  over  the  entire  Grampians 
before  the  upheaval  of  that  mountain  range;  for  one  band  of  the 
sandstone  follows  the  course  of  the  Moray  Frith  far  into  the  interior 
of  the  great  Caledonian  valley;  and  detached  hills  and  island-like 
patches  occur  in  several  parts  of  the  interior,  capping  some  of  the 
higher  summits  in  Sutherlandshire,  and  appearing  in  Morayshire 
like  oases  among  the  granite  rocks  of  Strathspey.  On  the  western 
coast  of  Ross-shire,  the  Old  Red  forms  those  three  immense  insulated 
hills  before  described  (p.  67.),  where  beds  of  horizontal  sandstone, 
3000  feet  high,  rest  unconformably  on  a  base  of  gneiss,  attesting  the 
vast  denudation  which  has  taken  place. 

But  in  order  to  observe  the  uppermost  part  of  the  Old  Red,  we 
must  travel  south  of  the  Grampians,  and  examine  its  junction  with 
the  bottom  of  the  Carboniferous  series  in  Fifeshire.  This  upper 
member  may  be  seen  in  Dura  Den,  south  of  Cupar,  to  consist  of  a 
belt  of  yellow  sandstone,  in  which  Dr.  Fleming  first  discovered  scales 
of  HoloptychiuSy  and  in  which  species  of  fish  of  the  genera  Pterich- 
thysy  PamphractuSf  and  others,  have  been  met  with.  (For  genus 
PterichthySj  see  fig.  400.  p.  345.) 

The  beds  next  below  the  yellow  sandstone  are  well  seen  in  the 
large  zone  of  Old  Red  which  skirts  the  southern  fiank  of  the  Gram- 
pians from  Stonehaven  to  the  Frith  of  Clyde.  It  there  forms,  to- 
gether with  trap,  the  Sidlaw  Hills  and  the  strata  of  the  valley  of 
Strathmore.  A  section  of  this  region  has  been  already  given  (p.  48.), 
extending  from  the  foot  of  the  Grampians  in  Forfarshire  to  the  sea 
at  Arbroath,  a  distance  of  about  20  miles,  where  the  entire  series  of 
strata  is  several  thousand  feet  thick,  and  may  be  divided  into  three 
principal  masses :  1st,  and  uppermost,  red  and  mottled  marls,  corn- 
stone,  and  sandstone  (Nos.  1.  and  2.  of  the  section);  2d,  Con- 
glomerate, often  of  vast  thickness  (No.  3.  ibid.) ;  3d,  Roofing  and 
paving  stone,  highly  micaceous,  and  containing  a  slight  admixture 
of  carbonate  of  lime  (No.  4.  ibid.).  In  the  first  of  these  divisions, 
which  may  be  considered  as  succeeding  the  yellow  sandstone  of 
Fifeshire  before  mentioned,  a  gigantic  species  of  fish  of  the  genus 
Holoptychius  has  been  found  at  Clashbinnie  near  Perth.  Some  scales 
(see  fig.  395.)  have  been  seen  which  measured  3  inches  in  length 
by  2J  in  breadth. 

At  the  top  of  the  next  division,  or  immediately  under  the  con- 

*  The  Old  Bed  Sandstone,  by  Hugh  Miller,  1841. 
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Fig.  399.  fig-  399')i  in  which  the  egga  are  arranged  in  a  thia 

layer  of  sand,  and  seem  to  have  acquired  a  polygonal 
j^^L         form  by  pressing  against  each  other.     The  substance 
^H^Hb     of  the  egg,  if  fossilized,  might  give  rise  to  small 
^B^^BK      pellicles  of  carbonaceous  matter. 
^^™^^  These  fossils  I  have  met  with,  both  to  the  north  of 

oi^ltiih  i^H  Strathmore,  in  the  vertical  shale  beneath  the  con- 
oiso/Ko.  glomerate,  and  in  the  same  beds  in  the  Sidlaw  hiUs, 

at  all  the  points  where  fig.  4.  is  introduced  in  the  section,  p.  48. 
Beds  of  red  shale  and  red  sandstone,  sometimes  associated  with 
pudding-stone  (older  than  No. 
3.,  fig.  62.  p.  48.),  and  desti- 
tute of  oi^anic  remains,  se- 
parate, in  the  region  of  Strath- 
more, the  above -described  fos- 
siliferous  strata  from  the  older 
crystalline  rocks  of  the  Gram- 
pians. But,  in  the  north  of 
Scotland,  we  find,  at  the  base 
of  the  Old  Red,  other  grey 
slaty  sandstones,  in  the  coun- 
ties of  Banff,  Nairn,  Moray, 
Cromarty,  Caithness,  and  in 
Orkney,  rich  in  ichthyolites 
of  peculiar  forms,  belonging 
i>«r,r*(*»..  *B-.i.  1  "vvr.  .16^.  .howi«  .noatii-.  *«  *^^  geaei*  Pterickthyg  (flg. 
unuoKdb,  H.Miii.r.-  400.),    Coccosteus,   ZHplopU' 

Tus,  Dipterus,  Cheiracantkiu,  and  others  of  Agaasiz. 

Five  species  of  Pterichthi/t  have  been  found  in  this  lowest  division 
of  the  Old  Red.  The  wing-like  appendages,  whence  the  genus  is 
named,  were  first  supposed  by  Mr.  Miller  to  be  paddles,  like  those  of 
the  turtle ;  but  Agassiz  regards  them  as  weapons  of  defence,  like  the 
occipital  spines  of  the  River  Bull-head  {Cottui  gobio,  Linn.);  and 
considers  the  tail  to  have  been  the  only  organ  of  motion.  The 
genera  Diptertu  and  Diplopterut  are  so  named,  because  their  two 
doraal  fins  are  so  placed  as  to  front  the  anal  and  ventral  fins,  so  as  to 
appear  like  two  pairs  of  wings.     They  have  bony  enamelled  scales. 

South  Devon  and  Cornwall. — A  great  step  was  made  in  the 
classification  of  the  slaty  and  calciferous  strata  of  South  Devon  and 
Cornwall  in  1837,  when  a  large  portion  of  the  beds,  previously 
referred  to  the  "  transition  "  or  most  ancient  fossiliferous  series,  were 
found  to  belong  in  reality  to  the  period  of  the  Old  Red  Sandstone. 
For  this  reform  we  are  indebted  to  the  labours  of  Professor  Sedgwick 
and  Sir  R.  Murchison,  assisted  by  a  suggestion  of  Mr.  Lonsdale,  who, 
in  1837,  after  examining  the  South  Devonshire  fossils,  perceived  that 
some  of  them  agreed  with  those  of  the  Carboniferous  group,  others 
with  those  of  the  Silurian,  while  many  could  not  be  assigned  to  either 
.  flg.  1.    Mi.  U.'b  descripUoa  of  the  fish  is  most 
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The  CyatkophyUmm  easpitotwm  (G^.  402.)  and  Porita  pyrifitrmU 
ffig.  424.  p.  336.)  are  more  peculiarly  cbaracteristie  of  the  DeroQun 
rocka. 

In  regard  to  tlie  Ehells,  all  the  brachiopodoos  generv,  anch  aa  7>r«- 
bralula,  OrtAii,  Spiri/er,  Alrypa,  and  Prodtietut,  which  are  fooiid 
in  the  Mountain  limbsione,  occur,  together  with  thote  of  the  Silnriui 
tytiMna,  except  the  Ptntamena.  Some  forms,  howerer,  eeem  exda- 
ftivelj  Devonian,  aa  fur  example,  Caletola  tandalina  (fig.  403.)  and 
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Strygoeephalut  Burtini  (fig.  404.),  which 
hare  been  met  with  both  in  the  Eifel,  in 
Germuij,  and  in  Devonahire,  in  the  very 
lowest  DeTooiu)  beds. 

Among  the  pecniiar  lame11i-bnuiclu«le 
bivalves,  also  commoD  to  Devonshire  and 
the  Eifel,  we  find  Megahdon  cucullatu4 
(fig.  405.).  Several  spiral  univalves  are 
abundant,  among  which  are  many  species 
oi  PItttrotomaria  oaA  Ettomphalui.  Among 
the  Cephabpoda  we  find  BelUrophon  and 
OrthoceraM,  as  in  the  Silurian  and  Carboni- 
ferous gronps,  and  Goniatite  and  Cyrto- 
eertu,  as  in  the  Carboniferous.  In  some  of 
theupperDevonianbedSiashell,  resembling 
aflattened<7ontii^tfa,  occurs,  called  C/ymenio, 
bj  Munster  [^Endotiphanitet,  AnBted.*). 


■.  t>M  niTM  uaiwd. 

D.  lattiior  of  taIvBi  ibowiiif  the  Urfe  a 

*  Camb.  FhtL  Tram.,  voL  vi.  pL  8.  fig.  2. 
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now  proved  to  be  the  Old  Red  by  containing  ichthyolites  of  genera 
which  characterize  this  group  in  the  British  Isles,  as,  for  example, 
HoloptychiuSy  Coccosieus,  Diplopterus^  &c.*,  associated  with  mol- 
lusca  found  in  the  Devonian  of  VTestem  Europe.  Among  the  fish  are 
also  many  species  of  sharks  of  the  Cestracian  division,  a  fact  worthy 
of  notice,  because  the'  squaloid  fishes  of  the  present  day  offer  the 
highest  organization  of  the  brain  and  of  the  generative  organs,  and 
make,  in  these  respects,  the  nearest  approach  to  the  higher  vertebrate 
classes. 

Devonian  Strata  in  the  United  States, 

The  position  of  this  formation  between  the  carboniferous  rocks  of 
Pennsylvania  and  Ohio,  is  pointed  out  in  the  section,  fig.  379.  p.  327., 
and  it  is  a  remark  of  'NL  de  Yemeuil  that  no  country  in  Europe  offers 
so  complete  and  uninterrupted  a  development  of  the  Devonian  system 
as  North  America.  At  the  falls  of  the  Ohio,  at  Louisville,  in  Ken- 
tucky, there  is  a  grand  display  of  one  of  the  limestones  of  this  period, 
resembling  a  modern  coral  reef.  A  wide  extent  of  surface  is  exposed 
in  a  series  of  horizontal  ledges,  at  all  seasons,  when  the  water  is  not 
high ;  and  the  softer  parts  of  the  stone  having  decomposed  and  wasted 
away,  the  harder  calcareous  corals  stand  out  in  relief,  and  many  of 
them  send  out  branches  from  their  erect  stems  precisely  as  if  they 
were  living.  Among  other  species  I  observed  large  masses,  not  less 
than  5  feet  in  diameter,  of  Favosites  gothlandica,  with  its  beautiful 
honeycomb  structure  well  displayed,  and,  by  the  side  of  it,  the  Favis- 
telltty  combining  a  similar  honeycombed  form  with  the  star  of  the 
Astrcea.  There  was  also  the  cup-shaped  Cyathophyllumy  and  the 
delicate  network  of  the  Fenestellay  and  that  elegant  and  well-known 
European  species  of  fossil,  called  "  the  chain  coral,"  Catenipora  escho' 
ToideSy  with  a  profusion  of  others  (see  ^g,  423.  p.  355.).  These  co- 
ralline forms  were  mingled  with  the  joints,  stems,  and  occasionally  the 
heads,  of  lily  encrinites.  Although  hundreds  of  fine  specimens  have 
been  detached  from  these  rocks,  to  enrich  the  museums  of  Europe  and 
America,  another  crop  is  constantly  working  its  way  out,  under  the 
action  of  the  stream,  and  of  the  sun  and  rain,  in  the  warm  season 
when  the  channel  is  laid  dry.  The  waters  of  the  Ohio,  when  I 
visited  the  spot  in  April,  1846,  were  more  than  40  feet  below  their 
highest  level,  and  20  feet  above  their  lowest,  so  that  large  spaces  of 
bare  rock  were  exposed  to  view.f 

Devonian  Flora, 

With  the  exception  of  the  fucoids  above  mentioned  (p.  344.),  but 
little  is  known  with  certainty  of  the  plants  of  the  Devonian  group. 
Those  found  in  the  department  of  La  Sarthe  in  France,  and  in  various 
parts  of  Brittany,  formerly  referred  to  the  Devonian  era,  have  been 

*  See  Eroceedings  of  GeoL  Soc,  and        f  Lyell's  Second  Visit  to  the  United 
the  anniyersaiy  sp^ch  of  Dr.  BocUand,    States,  voL  H  p.  277. 
P.  G.  S.,  for  1841. 
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We  come  next  in  the  deseending  order  to  the  Boet  ancient  of  the 
prioMrj  foMiliferoiu  rocki^  that  series  which  eonpiiaes  the  greater 
part  of  the  ttrata  formerl j  called  "■  transition  *  bj  Weraer,  lor  reasons 
explained  in  Chap.  VllL,  pp.  91.  and  92.  Geologists  hare  also  ap> 
plied  to  these  older  strata  the  general  name  of  ^  giaowack^*  hj  whidi 
the  German  miners  designate  a  particular  rarietj  of  sandstone,  usnallj 
an  aggregate  of  small  fragments  of  qoartz,  flintj  slate  (or  Ljdian 
stone),  and  claj«slate  cemented  together  bj  argillaceoos  matter.  Far 
too  much  importance  has  been  attached  to  this  kind  of  rode,  as  if  it 
belonged  to  a  certain  epoch  in  the  earth's  history,  whereas  a  similar 
sandstone  or  grit  is  foond  sometimes  in  the  Old  Red,  and  in  the 
Millstone  Grit  of  the  Coal,  and  sometimes  in  certain  Cretaoeoos  and 
even  Eocene  formations  in  the  Alps. 

The  name  of  Silurian  was  first  proposed  bj  Sat  Bodmck  Mar- 
chison,  for  a  series  of  fossiliferous  strata  Ijing  below  the  Old  Red 
Sandstone,  and  occupying  that  part  of  Wales  and  some  contiguoas 
counties  of  England,  which  once  constituted  the  kingdom  of  the 
8ilureif  a  tribe  of  ancient  Britons.     The  strata  have  been  divided 


Memoir  on  the  ILutz;  raloontograi^ca  of  Danker  and  Von  Mejer,  put  iiL 
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into  Upper  and  Lower  Silurian,  and  these  again  in  the  region  alluded 
to  admit  of  several  well-marked  subdivisions,  all  of  them  explained  in 
the  following  table. 

UPPER  SILURIAN  ROCKa 


1.  Ludlow 
formation. 


2.  Wenlock 
formation. 


I 


Tilestones. 


Prevailing  Lithologi-       Thick, 
cal  Characttfri.  neu  in 

FeeL 
'  Finely   laminated  1 

reddish        and  I    g^^  « 
green  sandstones  | 
^     and  shales.        J 


Organic  Remains. 


Upper  r  Micaceous      grey 

Ludlow.  \     sandstone. 

Ajmestry  f  Argillaceous  lime- 
limestone.  \     stone. 


Lower 
Ludlow. 


{Shale,  with  concre- 
tions of  lime- 
stone. 


2000 


Marine  mollusca  of  al- 
most every  order,  the 
Brachiopoda  most 
abundant  Serpula, 
Corals,  Sauroid  fish, 
Fuci 


Wenlock  1  Concretionary 

limestone.  J      limestone. 

Wenlock  1  Argillaceous 

shale.  J     shale. 


1800 


I 


Marine  mollusca  of 
yarious  orders  as  be- 
fore. Crustaceans  of 
the  Trilobite  family. 

Oldest  remains  of  fish 
,    yet  known. 


LOWER  SILURIAN  ROCKS.^ 


3.  Caradoc      /  Caradoc 
formation.  \  sandstones. 


Flags  of  shelly 
limestone  and 
sandstone,  thick 
bedded      white 

^    freestone. 


4.  Llandeilo     f  Llandeilo    V  Dark  coloured  cal- 


formation 


ilo    r 
tion.  \ 


3     careous  flags. 


} 


2500 


Crinoidea,  Corals, 
Mollusca,  chiefly 
Brachiopoda,  Trilo- 
bites. 


1200       Mollusca,  Trilobites.* 


UPPER  SILURIAN  ROCKS. 

Ludlow  formation, — This  member  of  the  Upper  Silurian  group, 
as  will  be  seen  by  the  above  table,  is  of  great  thickness,  and  sub- 
divided into  four  parts, — ^the  Tilestone,  the  Upper  and  Lower  Ludlow, 
and  the  intervening  Aymestry  limestone.  Each  of  these  may  be 
distinguished  near  the  town  of  Ludlow,  and  at  other  places  in  Shrop- 
shire and  Herefordshire,  by  peculiar  organic  remains. 

1.  Tilestones. — This  uppermost  division  was  originally  classed  by 
Sir  R.  Murchison  with  the  Old  Red  Sandstone,  because  they  decom- 
pose into  a  red  soil  throughout  the  Silurian  region.  At  the  same 
time  he  regarded  the  tilestones  as  a  transition  group  forming  a  passage 
from  Silurian  to  Old  Red.  It  is  now  ascertained  that  the  fossils  agree 
in  great  part  specifically,  and  in  general  character  entirely,  with  those 
of  the  succeeding  formation. 

2.  Upper  Ltidlow, — The  next  division,  called  the  Upper  Ludlow, 
consists  of  grey  calcareous  sandstone,  decomposing  into  soft  mud, 
and   contains,  among  other  shells,  the  Lingula    cornea,  which  is 

common  to  it  and  the  lowest,  or  tUestone  beds  of  the  Old  Red.    But 


ATHE8TBT  LIUBBTONE. 


the    Orthia  orbiettlari*  is  peculiar  to  the  Upper  Lndlov,  and  verj 
common  ;  and  the  lowest  or  mud-atone  beds,  are  loaded  for  a  thick- 
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Vpp«T  ud  Lowtr  LwUo 

ness  of  30  feet  with  Terebralula  navieula  (fig.  410.),  in  ^ 
Among  the  cepholopodous  moUusca  occur  the  genera  BeBeropkon  and 
OrtkoeeretM,  and  among  the  Crustacea  the  Somalonotiu  (fig.  418. 
p.  354.).  A  coral  called  Favositet  polymorpha,  Goldf.  (fig.  401. 
p.  346.)  is  found  both  in  this  subdivision  and  in  the  Devonian  syatom. 

Among  the  fossil  shells  are  species  of  LepUena,  Orthit,  Tertbra- 
twla,  Avicula,  Trochiu,  Orthoeerat,  Belleropkon,  and  others.* 

Some  of  the  Upper  Ludlow  sandalones  are  ripple -marked,  thus 
afibrding  evidence  of  gradual  deposition  ;  and  the  same  may  be  said 
of  the  accompan^ng  fine  argillaceous  shales  which  are  of  great  thick- 
ness, and  have  been  provincipUy  named  "  mudstones."  In  these 
shales  man^  zoophytes  are  found  enveloped  in  an  erect  position, 
having  evidently  become  fosail  on  the  spots  where  they  grew  at  the 
bottom  of  the  sea.  The  facility  with  which  these  rocks,  when  exposed 
to  the  weather,  are  resolved  into  mud,  proves  that  notwithstanding 
their  antiquity,  they  are  nearly  in  the  state  in  which  they  were  first 
thrown  down. 

The  scales,  spines  (ichthyodorulUe*),  jaws,  and  teeth  of  fish  of  the 
genera  Onchui,  Plectrodiu,  and  others  of  the  same  family,  have  been 
met  with  in  the  Upper  Ludlow  rocks. 

3.  Aymestry  limeitone. — The  next  group  is  a  subcryatalline  and 
argillaceous  limestone,  which  is  in  some  places  50  feet  thick,  and 
distinguished  around  Aymeatiy  by  the  abundance  of  Pentamenu 
Knightii,  Sow.  (fig,  411.),  also  found  in  the  Lower  Ludlow.     This 


SUorian  S;st«n,  p.  196,  199. 
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genus  of  brachiopoda  has  only  been  found  in  the  Silurian  strata. 
The  name  was  derived  from  rtvri,  penU,  jive,  and  ficpoe,  meros,  a 
part,  because  both  valves  are  divided  by  a  central  septum,  making 
four  chambers,  and  in  one  valve  the  septum  itself  contains  a  smaU 
chamber,  making  five  ;  but  neither  the  structure  of  this  shell,  nor  the 
connection  of  the  animal  with  its  several  parts,  are  as  yet  under- 
stood. Messrs.  Murchison  and  De  Vemeuil  dis- 
covered this  species  dispersed  in  myriads  through 
a  white  limestone  of  upper  Silurian  age,  on  tfae 
banks  of  the  Is,  on  the  eastern  flank  of  the  Urals 

Three  other  abundant  sheila  in  the  Aymcstry 
limestone  are,  Ist,  Lingula  Lewisti  (Hg.  412.) ;  2d, 
Terebratula  Wihoni,  Sow.  (fig.  413.),  which  is 
also  common  to  the  Lower  Ludlow  and  Wenlock 
limestone  ;  3d,  Alrypa  reticularis,  Lin.  (fig.  414,), 
which  has  a  very  wide  range,  being  found  in  every 
part  of  the  Silurian  system,  except  the  Llandeilo 


# # # 


4.  Loaer  Lttdlow  thaU.  —  A  dark  grey  argillaceous  deposit,  con- 
taining, among  other  fossils,  the  new  genera  of  chambered  shells,  the 
Phraffmoeeras  of  Broderip,  and  the  LtCuitei  of  Breyn  (see  figs.  415, 
416.).  The  latter  is  partly  straight  and  partly  convoluted,  nearly  as 
in  Spirula. 
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The  Ortkoeerai  Ludense  (fig.  417.),  as  well  bs  the  shell  last  men- 
tioned, is  peculiar  to  this  member  of  the  series.     The  Homalonotu* 


ni.4ie.  delphinocephalut  (fig,  418.)  is  common  to  tfaia 

~  division  and  to  the  Wenloclt  limestone.     Thia 

crustacean  belongs  to  a  group  of  trilobites  which 
has  been  met  with  in  the  Silurian  rocks  only, 
and  in  which  the  tripartite  chantcter  of  the 
dorsal  crust  is  almost  lost. 

A  species  of  Graptolite,  G,  Ludetuii,  liurch. 
(fig.  419.),  a  form  of  zoophyte  which  has  not  yet 
been  met  with  in  slrata  newer  than  the  Silurian, 
occurs  in  the  Lower  Ludlow. 

WenlocA  formation — We  next  come  to  the 
Wentocti  formation,  which  has  been  divided  (see 
Table,  p.  351.)  into 

1.  Wenlock  limestone,  formerly  well  known 
.  to  collectors  by  the  name  of  the  Dudley  lime- 
stone, which  forms  a  continuous  ridge,  ranging 
for  about  20  miles  from  S.W.  to  N.E.,  about  a 
mile  distant  from  the  nearly  parallel  escarpment 
of  the  Aymestry  limestone.  The  prominence  of  this  rock  in  Shrop- 
shire, like  that  of  Aymestry,  ia  due  to  its  solidity,  and  to  the  softness 

•  Silurian  Syaiem,  pt.  7.  bis.  fig.  1.  b. 
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Fi|.«i9.  Qf  the  shales  above  and  below.    It  is 

^BtKKSi^^^KI^^^K  divided  iDto  large  concretional  masaea  of 

pure  liineatone>  and  abounds    in   triIo> 

Ormpietiaiuj^Mirmi^.KaKUiim.     j,;[^  among  wtuch  the  prevailing  species 

are   Pkacopt  eaudatut   (fig.  422.)  and 

Calyment  BlumenbaeJm,  commonly  called  the  Dudlej  trilobite.     The 

latter  is  often  found  coiled  up  like  a  wood-louae  (see  fig.  420.). 


Lfpl^na  ieprrttA.    Went' 

Wmlock,  Ajin.  Ilnwit..  iud  L.  Ludlos. 

Leptana  deprena.  Sow,  ia  common  in  this  rock,  but  also  ranges 
„,  ,„_  through  the  Lower  Ludlow,  Wenlock  shale, 

and  Curadoc  Sandstone. 

Among  the  corals  in  which  this  formation 
is  vcrj  rich,  the  Catenipora  escharoida, 
Lam.  (fig.  423.),  or  chain  coral,  may  be 
pointed  out  as  one  very  easily  recognized, 
and  widely  spread  in  Europe,  ranging 
through  all  parts  of  the  Silurian  group, 
from  the  Aymestry  limestone  to  the  bottom 
of  the  series. 

Another  coral,  the  PoriUt  pyriformit,  is 
also  met  with  in  profusion ;  a  species  com- 
mon to  the  Devonian  rocks. 

CyiHphyllum  Siluriense  (fig.  425.)  is  a, 
species  peculiar  to  the  Wenlock  limestone. 
This  new  genus,  the  name  of  which  is  derived  from  Kvarti,  a  bladder, 
and  ^uXXflv,  a  leaf,  was  instituted  by  &Ir.  Lonsdale  for  corals  of  the 
Silurian  and  Devonian  groups.  It  is  composed  of  small  bladder-like 
cells  (see  fig.  425.  6.). 

2.  The  Wenlock  Shale,  which  exceeds  700  feet  in  thickness,  con- 
tains many  species  of  brachiopoda,  aach  as  a  small  variety  of  the 
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Lingula  Lewini  {6g.  412.),  and  the  Atrypa  reticutarit  (fig.  414.) 
before  tnentioDed,  and  it  will  be  eeen  that  several  other  foasila  before 
enumerated  range  into  this  shale. 


UJWZK  SILUBIAN  B0CK9. 

The  Lower  Siloriaa  rocks  have  been  subdivided  into  two  portions. 

1.  The  Caradoc  sandstone,  which  abuts  agunst  the  tr&ppeaa 
chain  called  the  Caradoc  Kills,  in  Shropshire.  Its  thickness  is  esti- 
mated at  2S00  feet,  and  the  larger  proportion  of  its  fossils  are  speci- 
iicaUy  distinct  from  those  of  the  Upper  Silurian  rocks.  Among 
them  we  find  many  trilobites  and  shells  of  the  genera  OrtAoceraM, 
NauHlut,  and  BeUtropkon  ;  and  among  the  Brachiopoda  the  i^Mto- 
merut  oblongus  and  P.  Uevis  (fig.  426.),  which  ore  very  abundant 


dS^^^9 


FentamfTV  Ittli,  Sow.    Cuidoc 


and  peculiar  to  this  bed ;  also  Orlhis  grandU  (fig.  427.),  and  a  fossil 
of  well-defined  form,  Tentaeulites  annutatus,  Schlot.  (fig.  428.), 
which  Mr.  Salter  has  shown  to  be  referable  to  the  Annelids  and  to 
the  same  tribe  as  Serpula. 


LLANDEILO  FLAGS. 


The  most  ancient  remfdna  of  fiah  jet  diecovered  in  Great  Britain 
are  those  obtained  from  the  Wenlock  limestones ; 
for  the  spine  of  an  Onckut,  cited  in  aeveral  works 
as  from  the  Llandeilo  flags,  has  proved,  on  more 
careful  inspection,  to  be  part  of  a  crustacean. 

2.  The  lAandeiio  flvgs,  so  named  from  a  town  in 
Caermarthenshire,  form  the  baae  of  the  Silurian 
system,  consisting  of  dark-coloured  micaceous  grit, 
frequently  calcareous,  and  distinguished  by  contain- 
ing the  large  trilobites  Asapkua  Buckii  and  A^ 
tj/rannui,  Murch.,  both  of  which  are  peculiar  to 
ijn.^w^Mftirtrv,  these  rocks.  Several  species  of  Graptolites  (fig.  430.) 
judnorihire.  occur  lu  thcso  bcds. 

In  the  fine  shales  of  this  formation  Graptolites  are  very  abundant. 
_     _  I  coUected  these  same  bodies  in  great 

numbers  in  Sweden  and  Norway  in 
1835-6,  both  in  the  higher  and  lower 
shales  of  the  Silurian  system ;  and 
was  informed  by  Dr.  Beck  of  Copen- 
hagen, that  they  were  fossil  zoophytes 
related  to  the  genera  Pennatula  and 
Virgularia,  of  which  the  living  species 
now  inhabit  mud  and  slimy  eedimeni. 
The  most  eminent  naturalists  still 
hold  to  this  opinion. 

A  speciee  of  Lingula  is  met  with 
in  the  lowest  part  of  the  Llandeilo 
beds;  and  it  is  remarkable  that  this 
brachiopod  is  among  the  earliest,  if 
not  the  most  ancient  animal  form  detected  in  the  lowest  Silurian  of 
North  America.  These  inhabitants  of  the  seas,  of  so  remote  an 
epoch,  belonged  so  strictly  to  the  living  genus  Lingula,  as  to  demon- 
strate, like  the  pteriform  ferns  of  the  coal,  through  what  incalculable 
periods  of  time  the  same  plan  and  type  of  organization  has  some- 
times prevailed. 

Among  the  forms  of  trilobite  extremely  characteristic  of  the  Lower 
Silurian  throughout  Europe  and  North  America,  the  Trinucleut  may 
be  mentioned.  This  family  of  crustaceans  appears  to  have  swarmed 
in  the  Silurian  seas,  just  as  crabs,  shrimps,  and  other  genera  of 
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contemporaneous  volcanic  rocks,  the  extraordinary  thickness  of 
27,000  feet.  One  of  the  groups,  called  the  trappean,  consisting  of 
slates  and  associated  volcanic  ash  and  greenstone,  is  15,000  feet 
thick.  Another  series,  called  the  Bala  group,  composed  of  slates  and 
grits  with  an  impure  limestone  rich  in  organic  remains,  is  9,000  feet 
thick.* 

Throughout  North  Wales  the  Wenlock  shales  rest  unconformahlj 
upon  the  Caradoc  sandstones ;  and  the  Caradoc  is  in  its  turn  uncon- 
formahie  to  the  Llandeiio  beds,  showing  a  considerable  interval  of 
time  between  the  deposition  of  this  group  and  that  of  the  formations 
next  above  and  below  it.  The  Caradoc  sandstone  in  the  neigh- 
bourhood of  the  Longmjmd  Hills  in  Shropshire,  appears  to  Professor 
£.  Forbes  to  have  been  a  deep-sea  deposit  formed  around  the  margin 
of  high  and  steep  land.  That  land  consisted  partly  of  upraised 
Llandeiio  flags  and  partly  of  rocks  of  still  older  datcf 

Such  evidence  of  the  successive  disturbance  of  strata  during  the 
Silurian  period  in  Great  Britain  is  what  we  might  look  for  when 
we  have  discovered  the  signs  of  so  grand  a  series  of  volcanic 
eruptions  as  the  contemporaneous  greenstones  and  tuffs  of  the  Welch 
mountains  afford. 


Silurian  Strata  of  the  United  States, 

The  position  of  some  of  these  strata,  where  they  are  bent  and 
highly  inclined  in  the  Appalachian  chain,  or  where  they  are  nearly 
horizontal  to  the  west  of  that  chain,  is  shown  in  the  section,  fig.  379. 
p.  327.  But  these  formations  can  be  studied  still  more  advan- 
tageously north  of  the  same  line  of  section,  in  the  states  of  New 
York,  Ohio,  and  other  regions  north  and  south  of  the  great  Canadian 
lakes.  Here  they  are  found,  as  in  Russia,  in  horizontal  position,  and 
are  more  rich  in  well-preserved  fossils  than  in  almost  any  spot  in 
Europe.  The  American  strata  may  readily  be  divided  into  Upper 
and  Lower  Silurian,  corresponding  in  age  and  fossils  to  the 
European  divisions  bearing  the  same  names.  The  subordinate 
members  of  the  New  York  series,  founded  on  lithological  and  geo- 
graphical considerations,  are  most  useful  in  the  United  States,  but 
even  there  are  only  of  local  importance.  Some  few  of  them, 
however,  tally  very  exactly  with  English  divisions,  as  for  example 
the  limestone,  over  which  the  Niagara  is  precipitated  at  the  great 
cataract,  which,  with  its  underljring  shales,  agrees  paleontologically 
with  the  Wenlock  limestone  and  shale  of  Siluria.  There  is  also  a 
marked  general  correspondence  in  the  succession  of  fossil  forms,  and 
even  species,  as  we  trace  the  organic  remains  downwards  from  the 
highest  to  the  lowest  beds. 

Mr.  D.  Sharpe,  in  his  report  on  the  mollusca  collected  by  me  from 
these  strata  in  North  America},  has  concluded  that  the  number  of 
species  common  to  the  Silurian  rocks,  on  both  sides  of  the  Atlantic,- 

•  Quart  GeoL  Joum.  vol  iv.  p.  300.  f  ^Id.  299.  t  ^1^  1^^* 
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is  between  30  and  40  per  cent. ;  a  result  which,  although  no  doubt 
liable  to  future  modification,  when  a  larger  comparison  shall  have 
been  made,  proves,  nevertheless,  that  many  of  the  species  had  a 
wide  geographical  range.  It  seems  that  comparatively  few  of  the 
gasteropods  and  lameliibranchiate  bivalves  of  North  America  can  be 
identified  specifically  with  European  fossils,  while  no  less  than  two- 
fifths  of  the  brachiopoda  are  the  same.  In  explanation  of  these  facts^ 
it  is  suggested,  that  most  of  the  recent  brachiopoda  (especially  the 
orthidiform  ones)  are  inhabitants  of  deep  water,  and  may  have  had  a 
wider  geographical  range  than  shells  living  near  shore.  The  pre- 
dominance of  bivalve  mollusca  of  this  peculiar  class  has  caused  the 
Silurian  period  to  be  sometimes  styled  the  age  of  brachiopods. 

Whether  the    Silurian   rocks  are  of  deep-water  origin, The 

grounds  relied  upon  by  Professor  E.  Forbes,  for  inferring  that  the 
larger  part  of  the  Silurian  Fauna  is  indicative  of  a  sea  more  than  70 
fathoms  deep,  are  the  following :  first,  the  small  size  of  the  greater 
number  of  conchifera ;  secondly,  the  paucity  of  pectinibranchiata  {or 
spiral  univalves)  ;  thirdly,  the  great  number  of  floaters,  such  as 
BeUerophofiy  OrthoceraSy  &c. ;  fourthly,  the  abundance  of  orthidiform 
brachiopoda ;  fifthly,  the  absence  or  great  rarity  of  fossil  fish. 

It  is  doubtless  true  that  some  living  TerebratukB,  on  the  coast  of 
Australia,  inhabit  shallow  water ;  but  all  the  known  species^  allied  in 
form  to  the  extinct  Orthis^  inhabit  the  depths  of  the  sea.  It  should 
also  be  remarked  that  Mr.  Forbes,  in  advocating  these  views^  was 
well  aware  of  the  existence  of  shores,  bounding  the  Silurian  sea  in 
Shropshire,  and  of  the  occurrence  of  littoral  species  of  this  early  date 
in  the  northern  hemisphere.  Such  facts  are  not  inconsistent  with 
his  theory ;  for  he  has  shown,  in  another  work,  how,  on  the  coast  of 
Lycia,  deep-sea  strata  are  at  present  forming  in  the  Mediterranean, 
in  the  vicinity  of  high  and  steep  land. 

Had  we  discovered  the  ancient  delta  of  some  large  Silurian  river, 
we  should  doubtless  have  known  more  of  the  shallow,  and  brackish- 
water,  and>fluviatile  animals,  and  of  the  terrestrial  flora  of  the  period 
under  consideration.  To  assume  that  there  were  no  such  deltas  in 
the  Silurian  world,  would  be  almost  as  gratuitous  an  hypothesis,  as 
for  the  inhabitants  of  the  coral  islands  of  the  Pacific  to  indulge  in  a 
similar  generalization  respecting  the  actual  condition  of  the  globe* 

Mineral  Character  of  Silurian  Strata, 

In  lithological  character,  the  Silurian  strata  vary  greatly  when  we 
trace  them  through  Europe  and  North  America.  The  shales  called 
mudstones  are  as  little  altered  from  some  deposits,  found  in  recent 
submarine  banks,  as  are  those  of  many  tertiary  fornuitions.  We 
meet  with  red  sandstone  and  red  marl,  with  gypsum  and  salt,  of 
Upper  Silurian  date,  in  the  Niagara  district,  which  might  be  mis- 
taken for  trias.  The  whitish  granular  sandstone  at  the  base  of  the 
Silurian  series  in  Sweden  resembles  the  tertiary  siliceous  grit  of 
Fontainebleau.    The  Calcareous  Grit,  oolite,  and  pisolite  of  Upper 
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Silurian  age  in  Gothland,  are  described  bj  Sir  R.  Murchison  as 
singularly  like  rocks  of  the  oolitic  period  near  Cheltenham ;  and,  not 
to  cite  more  examples,  the  Wenlock  or  Dudley  limestone  often 
resembles  a  modem  coral-reef.  If,  therefore,  uniformity  of  aspect 
has  been  thought  characteristic  of  rocks  of  this  age,  the  idea  must 
have  arisen  from  the  similarity  of  feature  acquired  by  strata  subject 
to  metamorphic  action.  This  influence,  seeing  that  the  causes  of 
change  are  always  shifting  the  theatre  of  their  principal  development, 
must  be  multiplied  throughout  a  wider  geographical  area  by  time, 
and  become  more  general  in  any  given  system  of  rocks  in  proportion 
to  their  antiquity.  We  are  now  acquainted  with  dense  groups  of 
Eocene  slates  in  the  Alps,  which  were  once  mistaken  by  experienced 
geologists  for  Transition  or  Silurian  formations.  The  error  arose 
from  attaching  too  great  importance  to  mineral  character  as  a  test 
of  age,  for  the  tertiary  slates  in  question  having  acquired  that  crystal- 
line texture  which  is  in  reality  most  prevalent  in  the  most  ancient 
sedimentary  formations. 

CAMBRIAN  GROUP. 

Below  the  Silurian  strata  in  North  Wales,  and  in  the  region  of  the 
Cumberland  lakes,  there  are  some  slaty  rocks,  devoid  of  organic 
remains,  or  in  which  a  few  obscure  traces  only  of  fossils  have  been 
detected  (for  which  the  names  of  Cambrian  and  Cumbrian  have  been 
proposed).  Whether  these  will  ever  be  entitled  by  the  specific 
distinctness  of  their  fossils  to  rank  as  independent  groups,  we  have 
not  yet  sufficient  data  to  determine. 


TABULAR  VIEW  OF  FOSSILTFEROUS  STRATA, 

Showing  the  Order  of  Superposition  or  Chronological  Succession  of 

the  principal  European  Groups. 


I.  POST-TERTIARY. 


A.     POST-mOCENE. 


FeriocU  and  Gronpt. 


1.  Recent 


Bxamplet^ 
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of  art. 
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(_     and  coral  reefs. 


Obterrationi. 
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FlsiB  of 


T.— ficeoor        pcan  or 
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Periods  and  Groups. 


III.  SECONDARY. 

E.  CRETACEOUS. 
§  Upper  Cretaceous. 

Examples. 


Obsenratlons. 


[^     Denmark,  p.  2 1 0. 


cbnt, 
sanriaiiB. 


10.  Upper  WUtef^'l."*^s„';!*T^.  "H  Marine  Bmertone  formed   in 

^^        I     Wy'^'dK^'^r]     part  of  decomposed  coraU. 

11.  Lower  White  /  Chalk  without  flints,  and  chalk  1 

Chalk.  \     marl,  ibid.  J 

'Loose  sand,  with  bright  green' 

particles,  ibid. 
Firestone  of  Merstham,  Kent, 

p.  218. 
Marly  stone,  with  lajers    of 
chert,  south  of  Isle  of  Wight.  ^ 


12.  Upper  Green- ^ 
sand. 


13.  Ganlt 


TDark  blue  marl 
i      chalk    escarpment, 
(,     and  Sossex,  p.  218. 


at  base   off 
snt,  —  Kent<| 


Numerous  extinct  genera  of 
conchiferous     cephalopoda. 
Hamite,  Scaphite,  Ammo- 
[^    nite,  &C. 


14.  Lower  Green- 
sand. 


§§  Lower  Cretaceous. 

Sand  with  green  matter, — 
Weald  of  Kent  and  Sussex, 
p.  219. 

White,  yellowish,  and  ferru- 
ginous sand,with  concretions 
of  limestone  and    chert, — 
Athcrfield,  Isle  of  Wight 
.Limestone  called  Kentish  Rag.. 


Species  of  shells,  &c,  nearly 
all  distinct  from  those  of 
Upper  Cretaceous  ;  most  of 
the  genera  the  same. 


F.  WEALDEN. 

{Clay  with  occasional  bands  of 
limestone, — ^Weald  of  Kent,  ■ 
Surrey,  and  Sussex,  p.  227. 


{Sand  with  caldferous  grit  and 
clay,  —  Hastings,     Sussex, " 
Cuckfield,  Kent,  p.  229. 


ifi   VnrhftckRpda.f^™®**^"®*'  calcareous  slates 


Of  freshwater  origin.  Shells 
of  pulmoniferous  moUusca, 

.     and  of  Cypris.  Land  reptiles. 

'"Freshwater  with  intercalated 
bed  of  brackish  and  salt  water 
origin.  Shells  of  fluviatile 
and  lacustrine  genera.  Rep- 
tiles of  the  genera  Pterodac- 
tyle,  Ignanodon,  Megalo- 
saurus,  Plesiosaurus,  Trio- 
nyx,  and  Emys. 

j^Cbiefly  freshwater,  and  dlTisi- 
ble  into  three  groups,  each 
containing  distinct  species 
of  fi'eshwater  moUusca  and 
of  entomostraca.  Alterna- 
tions of  deposits  formed 
in  fresh,  brackish,  and  ma- 
rine water,  and  of  ancient 
soils  formed  on  land  and 
retaining  roots  of  trees. 
Plants  chiefly  cyeads  and 
oonifers.    p.  231. 


FOSSILIFEBOUS   STRATA. 


1a.  Mari  slate  of  DarhBm  and  ~ 
ThoringiiL 
b.  Lower  New  Red  eandstone  of 
north  or  Englanil  and  lioth- 
liegcndea  of  Germany. 
a.  and  b.  Lower  part  of  Fer- 
mian  bcda,  ItoSBJa,  p.  301. 


L.    CAHBONIFEBOUS. 


X,  Strola   of   Bandstone    and' 

shale,  with  beds  of  coal, — S. 

Waleaaod  NoTthtuaberland, 

p.  309. 
b.  Millstone  grit.  — 8.  Wales, 

Bristol  coal-Seld,  YorkBhire, 


{Carboniferona 
linieatoTie,  with  maHne  ahelli 
and  coraU. 
Mendip  Hills,  and  manj  paitt 
of  Ireland,  p.  340. 


M.    DEVONIAN. 

J.  Tellow  Randstone  of  Don' 
Den,  Fife. 

b.  Red  sandstone  and  marl 
with  comstone  of  Hereford- 
shire and  Forfarshire. 

Paving  and  roofing-stone,  For- 
faishire. 

Upper  part  of  Devonian  beds 

of  Sooth  Devon. 
'  Orey  sandstone  with  Ichthjo- ' 
lites, — Caithness,  Cromartj, 
and  Orkney,  Lower  part  of 
Devonian  beds  of  Sonth  De- 
von, and  green  chlorilic  slates 
of  Cornwall,  limestone  of 
GerolHtcin,  EifeL 

N.  sn-nRiAN. 

fo.  Tilestone   of   Brecon    and 
Caennarthen. 
5.  LimeMone  and  shale,  Lnd- 

low,  Shropshire. 
e.  Wenlock  or  Dndley  lime- 

'o.  Caradoc    sandstone,    Caer 

Canidoc,  Shropshire. 
b.  IJaQdcilo  Sags,  calcareons 
flags  and  schists, — Bailth, 
Radnorshire,         Uandeilo, 


Great  thickness  of  strata  of 
flavio-marinc  origin,  with 
beds  of  coal  of  vegetable 
origin,  based  on  toils  re* 
(aintng  the  roots  of  trees. 

Oldest  o{  known  reptiles  or 
Arch^osanms.  Sauroidflsh. 

Brachiopoda  of  genu  Pto- 
dnctns. 

Cephalopoda  of  genera  Cyrto- 
eeras,  Goniatile,  Orthoceras. 

Cmttaceans  of  the  grains  Fhil- 
lipsia. 

Cjatbocnnna. 


Tribe  of  fish  with  hard  eorer* 
ings  like  chelonians,  Fteijc- 
this,  Famphraelns,  ftc  ;  also 
of  genera  Cephalaspis,  Ho- 
loptichimi,  SuL 

No  reptiles  yet  known. 


Fish,  partly  of  same  genera, 
btit  of  distinct  species  from 
those  in  Upper  Devo 
nian ;  also  Osteolepis,  Coc- 
costeos,    Olyptolepis,   Dip- 


Oldest  of  fooQ  fish  yet  dis- 

Tiilobites  and  Graptolite* 
abundanL 

Brachiopoda  very  nameroni. 

Cephalopoda :  Bellerophon, 
Orthoceras. 

Same  genera  of  invertebrate 
animals  as  in  Upper  Sihi- 
rian,  bat  species  chiefly  dis- 
tinct. Trmncleas  caractici, 
Cystidis,  p.  3S8. 

No  land-plants  yet  known. 


MH 


JilKSD^ 


■¥— r 


Lni«ra    r.fsuyiiiaEfJi    mi    t 


mil  !s:::J 


107^  lltX:  '^;    ^-^  »mrrt^  '3lL*S»  ▼illiiiL  lUJ  M    '^.THtf  THHTnTr; 


V.  ;,nii>t  ,-ii*^v«»..vi7'  .:♦>>  tilt 


i' 


'■••■r  rf>  '*, 


/'XX4,  f'^  th'%  =:''.rsc  core  w:ci.xxt  gsratfAration.  and  of  a 


^.'„..t»»  .v..'>rfti  '%«r.p^y»;ti'vr-,  ?o  •■■Ixh  li^j  rare  dxlSenait  names^ 
(v;.  :».«  '/uaI%  jr7«:^ittM>^  porpajTj.  &zk<i  amTgd&loid.  AH  Uwae, 
*i^>\r-  »*r.'<:  r*>y>^;.iz^  jm  b^lonsrin?  tr^  en*  fiznilr.  w«re  caQed  "timp** 
i>7  \>.f'/u,:*uu^  tr^/M  frappa,  Sir^?h  for  a  flight  of  steps — a  name 
kIr.'A  v^;;/!^/]  7«T7  7«rr»^7^ij  into  the  nomenclatare  of  the  8cieiice  ; 
f//r  ft  W4<  ','A^T7*A  tiisa  ftiXCij  rocks  of  this  class  occurred  in  great 
W'fuUr  c^kJk^^A  'A  utw^^Y^  <^xt/mt,  »o  as  to  form  a  succesnon  of  ter- 
rv'>;<  'n  *.^\A  f^t  x\if,  Mf'A  fA  hilla.  Till*  confienratiGn  appears  to  be 
^s'f'ni-A  it'jtn  two  ^iktiH',^0  Fir«t,  the  abrupt  original  terminations  of 
«h''/;f  4  '/,  tu*'\U'A  rriatt^rr,  which  hare  spread,  whether  on  the  land  or 
\,*iiVrth  'ti  th';  vra,  ov<;r  a  kvel  surface.  For  we  know,  in  the  case 
of  Wifx  /lowing  fror/i  a  volcano,  that  a  stream,  when  it  has  ceased  to 
fl'fW,  ari'l  ((fown  vJid,  very  Cf^mmonly  ends  in  a  steep  slopes  as  at  o^ 
fiti'  4''/'^'     l^uty  nnjufwlly,  the  step-like  appearance  arises  more  fre- 
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Fig.  436.  quently  from  the  mode  in  which  horizontal 

masses  of  igneous  rock,  such  as  b  c,  inter- 
calated between  aqueous  strata,  have,  sub- 
sequently to  their  origin,  been  exposed,  at 
different  heights,  by  denudation.      Such 
an  outline,  it  is  true,  is  not  peculiar  to  trap 
rocks ;  great  beds  of  limestone,  and  other 
hard  kinds  of   stone,    often    presenting 
step-like  appearance  of  trap.        similar  tcTTaces  and  prccipiccs :  but  these 
are  usually  on  a  smaller  scale,  or  less  numerous,  than  the  volcanic 
steps,  or  form  less  decided  features  in  the  landscape,  as  being  less 
distinct  in  structure  and  composition  from  the  associated  rocks. 

Although  the  characters  of  trap  rocks  are  greatly  diversified,  the 
beginner  will  easily  learn  to  distinguish  them  as  a  class  from  the 
aqueous  formations.  Sometimes  they  present  themselves,  as  already 
stated,  in  tabular  masses,  which  are  not  divided  into  strata ;  some- 
times in  shapeless  lumps  and  irregular  cones,  forming  chains  of  small 
hills.  Often  they  are  seen  in  dikes  and  wall-like  masses,  intersecting 
fossiliferous  beds.  The  rock  is  occasionally  found  divided  into  columns, 
often  decomposing  into  balls  of  various  sizes,  from  a  few  inches  to 
several  feet  in  diameter.  The  decomposing  surface  very  commonly 
assumes  a  coating  of  a  rusty  iron  colour,  from  the  oxidation  of  ferru- 
ginous matter,  so  abundant  in  the  traps  in  which  augite  or  hornblende 
occur;  or,  in  the  felspathic  varieties  of  trap,  it  acquires  a  white 
opaque  coating,  from  the  bleaching  of  the  mineral  called  felspar.  On 
examining  any  of  these  volcanic  rocks,  where  they  have  not  suffered 
disintegration,  we  rarely  fail  to  detect  a  crystalline  arrangement  in 
one  or  more  of  the  component  minerals.  Sometimes  the  texture  of 
the  mass  is  cellular  or  porous,  or  we  perceive  that  it  has  once  been 
full  of  pores  and  cells,  which  have  afterwards  become  filled  with 
carbonate  of  lime,  or  other  infiltrated  mineral. 

Most  of  the  volcanic  rocks  produce  a  fertile  soil  by  their  disinte- 
gration. It  seems  that  their  component  ingredients,  silica,  alumina, 
lime,  potash,  iron,  and  the  rest,  are  in  proportions  well  fitted  for  vege- 
tation. As  they  do  not  effervesce  with  acids,  a  deficiency  of  cal- 
careous matter  might  at  first  be  suspected ;  but  although  the  carbonate 
of  lime  is  rare,  except  in  the  nodules  of  amygdaloids,  yet  it  will  be 
seen  that  lime  sometimes  enters  largely  into  the  composition  of 
augite  and  hornblende.    (See  Table,  p.  377.) 

t  Cones  and  Craters, — In  regions  where  the  eruption  of  volcanic 
matter  has  taken  place  in  the  open  air,  and  where  the  surface  has 
never  since  been  subjected  to  great  aqueous  denudation,  cones  and 
craters  constitute  the  most  striking  peculiarity  of  this  class  of  form- 
ations. Many  hundreds  of  these  cones  are  seen  in  central  France, 
in  the  ancient  provinces  of  Auvergne,  Velay,  and  Vivarais,  where 
they  observe,  for  the  most  part,  a  linear  arrangement,  and  form 
chains  of  hills.  Although  none  of  the  eruptions  have  happened 
within  the  historical  era,  the  streams  of  lava  may  still  be  traced  dis- 
tinctly descending  from  many  of  the  craters,  and  foUowing  the  lowest 


krreli  of  du^  exfjdag  TiILeji.     T!Le  criszi  *:t  loi*  eooe  sad 

wxU:h0ifi  d^iia^  T<ju!a2ic  <npCaGa&.  A  ^asai  or  £3are  first 
ia  Hut  «srth.  firom.  wiiidL  grcas  Tolmuss  cf  fteaxn  aai  oCker  gSEflo  are 
erolT^  The  expuotacfu  sre  fo  Tijlent  »  to  Imri  up  mto  Ae  air 
hvsxDis  of  broken  Kcne,  ports  of  vbidL  arc  siiiTezcd  iato  Kaaie 
atoms.  At  tLe  saa^  xim^  Eehai  fasne  or  Anns  ikibIIt  Mrrmli  tfciwigh 
tike  cLixnzi«T  or  vcct  bj  vLzcii  tee  «ije:§  noke  their  escape.  Ahhoogli 
eztr^ioelr  heaTj,  thi*  Iata  is  ^jmd  op  bj  the  expaaare  pover  d 
entAn^Ud  gaseoos  fLmdi,  chieflr  steam  or  aqoeoo^  Tapoor,  ezactif  in 
tike  same  manner  aa  water  is  aiade  to  boil  orer  tbe  e%e  of  a  ▼e«cl 
when  iteam  ikaa  been  generated  at  the  bottom  bj  heaL  Lar;ge 
qaantiti<:9  of  the  lara  are  also  shot  op  into  the  air,  whoe  it  separates 
into  fragments,  and  acquires  a  spongj  texture  bj  tlie  sodden  enlarge- 
ment of  tbe  inclod&d  gases,  and  thus  forms  xorut^  odier  portioiis 
being  redoced  to  an  impalpable  powder  or  dnsC  The  sliofwering 
down  of  the  rarioos  ejected  materials  roond  the  orifice  of  cmptioii 
giTes  rise  to  a  conical  monnd,  in  which  the  socceaBiTe  euTelopea  <]f 
sand  and  sccme  form  lajers,  dipping  on  all  sides  from  a  central  axis. 
In  the  mean  time  a  hollow,  calkd  a  eraier^  has  been  kept  open  in  the 
middle  of  tbe  monnd  bj  the  eontinned  passage  upwards  of  steam  and 
other  gaseoos  flaids.  Tbe  lava  sometimes  flows  orer  the  e%e  of  the 
crater,  and  thus  thickens  and  strengthens  the  sides  of  the  cone ;  hot 
sometimes  it  breaks  it  down  on  one  side,  and  often  it  flows  out  from 
a  fissure  at  the  base  of  the  hill  (see  fig.  436.).* 

Componiion  and  nomenelaiure, — Before  speaking  of  the  connecti<m 
between  the  products  of  modem  Tolcanos  and  the  rocks  usually  styled 
trappean,  and  before  describing  tbe  external  forms  of  both,  and  the 
manner  and  position  in  which  tbej  occur  in  the  earth^s  crust,  it  will 
be  desirable  to  treat  of  their  mineral  compodtion  and  names.  The 
varieties  most  frequently  spoken  of  are  basalt,  greenstone,  syenitic 
greenstone,  clinkstone,  claystone,  and  trachyte ;  while  those  founded 
chiefly  on  peculiariUes  of  texture,  are  porphyry,  amygdaloid,  lava,  tuf^ 
ncffrisHf  and  pumice.  It  may  be  stated  generally,  that  all  these  are 
mainly  composed  of  two  minerals,  or  families  of  simple  minerals, 
feUpar  and  hornblende  ;  some  almost  entirely  of  hornblende,  others 
of  f<;lspar. 

Thes<;  two  minerals  may  be  regarded  as  two  groups,  rather  than 

*  Yift  a  dencription  and  tbeoiy  of  actrre  volcanos,  see  Principles  of  G^eology, 
chapi.  xxir.  to  xxyiL 
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species.  Felspar,  for  example,  may  be,  first,  common  felspar,  that  is 
to  saj,  potash-felspar,  in  which  the  alkali  is  potash  (see  table,  p.  377.); 
or,  secondly,  albite,  that  is  to  say,  soda-felspar,  where  the  alkali  is 
soda  instead  of  potash ;  or,  thirdly,  Labrador-felspar  (Labradorite), 
which  difiers  not  only  in  its  iridescent  hues,  but  also  in  its  angle  of 
fracture  or  cleavage,  and  its  composition.  We  also  read  much  of  two 
other  kinds,  called  glassy  felspar  and  compact  felspar,  which,  however, 
cannot  rank  as  varieties  of  equal  importance,  for  both  the  albitic  and 
common  felspar  appear  sometimes  in  transparent  or  glassy  crystals  ; 
and  as  to  compact  felspar,  it  is  a  compound  of  a  less  definite  nature, 
sometimes  containing  both  soda  and  potash ;  and  which  might  be 
called  a  felspathic  paste,  being  the  residuary  matter  after  portions  of 
the  original  matrix  have  crystallized. 

The  other  group,  or  hornblende^  consists  principally  of  two  varieties  ; 
first,  hornblende,  and,  secondly,  augite,  which  were  once  regarded  as 
veiy  distinct,  although  now  some  eminent  mineralogists  are  in  doubt 
whether  they  are  not  one  and  the  same  mineral,  differing  only  as  one 
crystalline  form  of  native  sulphur  differs  from  another. 

The  history  of  the  changes  of  opinion  on  this  point  is  curious  and 
instructive.  Werner  first  distinguished  augite  from  hornblende ;  and 
his  proposal  to  separate  them  obtained  afterwards  the  sanction  of 
Haiiy,  Mohs,  and  other  celebrated  mineralogists.  It  was  agreed  that 
the  form  of  the  crystals  of  the  two  species  were  different,  and  their 
structure,  as  shown  by  cleavtige,  that  is  to  say,  by  breaking  or  cleaving 
the  mineral  with  a  chisel,  or  a  blow  of  the  hammer,  in  the  direction 
in  which  it  yields  most  readily.  It  was  also  found  by  analysis  that 
augite  usually  contained  more  lime,  less  alumina,  and  no  fluoric  acid; 
which  last,  though  not  always  found  in  hornblende,  often  enters  into 
its  composition  in  minute  quantity.  In  addition  to  these  characters, 
it  was  remarked  as  a  geological  fact,  that  augite  and  hornblende  are 
very  rarely  associated  together  in  the  same  rock  ;  and  that  when  this 
happened,  as  in  some  lavas  of  modem  date,  the  hornblende  occurs  in 
the  mass  of  the  rock,  where  crystallization  may  have  taken  place  more 
slowly,  while  the  augite  merely  lines  cavities  where  the  crystals  may 
have  been  produced  rapidly.  It  was  also  remarked,  that  in  the 
crystalline  slags  of  furnaces,  augitic  forms  were  frequent,  the  horn- 
blendic  entirely  absent ;  hence  it  was  conjectured  that  hornblende 
might  be  the  result  of  slow,  and  augite  of  rapid  cooling.  This  view 
was  confirmed  by  the  fact,  that  Mitscherlich  and  Berthier  were  able 
to  make  augite  Artificially,  but  could  never  succeed  in  forming  horn- 
blende. Lastly,  Gustavus  Rose  fused  a  mass  of  hornblende  in  a 
porcelain  furnace,  and  found  that  it  did  not,  on  cooling,  assume 
its  previous  shape,  but  invariably  took  that  of  augite.  The  same 
mineralogist  observed  certain  crystals  in  rocks  from  Siberia  which 
presented  a  hornblende  cleavage,  while  they  had  the  external  form 
of  augite. 

If,  from  these  data,  it  is  inferred  that  the  same  substance  may 
assume  the  crystalline  forms  of  hornblende  or  augite  indifferently, 
according  to  the  more  or  less  rapid  cooling  of  the  melted  mass,  it  is 

BB 


anit  le»  *Wmfn^  than  taas  caZLeii  3t/rTLa«iexB&£.  iT^Hnagft  tike 
of  die9i&  efeflKns  <ia  ace  «eiii  on  be  il-vxv?  oe 


iifiiiltt  ^jf"  IbdracMcnde  jad  anzice  z,  has.  er^s  c^  eaavBt£biEcT  of 
iato  tke  ocfher  b>r  ffiAmL  and  leciiiH  irrifrnr.  4ms  aot  iffifcim 
Bca^sGnse  tiiecr  arvantrire  niencieT.  For  tibsrs  a»  o&i^  siBe  pan 
«f  t^  BoasriaLi  ia  acrrstii  waaeiL  sr*  boc  in  piatecc  Aewaieal  e 
iiiurkia  wxt&  tb«  reSL  Carbonase  of  Ene.  ^  exaapfe.  n»Lti 
earriea  vich  it  a  cocsiicnUe  qaaacitj  of  slex  iata  m^ 
of  crritaL  tiie  slex  bcias  —■rhaniinrTT  aued  ai  nad.  aad  yd  aot 
ffnrw^tn'dns  tiie  earbuuate  of  Saas  firoot  aassaia^  the  fin  Proper  ta 

of  dK  in^rediatts  ia  a  crj^al  bst  be  exebided  firaa  peifecC  <Wm;^»^i| 
aniDo;  acd  after  fawn,  wbea  tke 
attj  eofabiae  perleedj  «r 
mlaenl  anr  be  pffodaced.    Or  ao^e  oae  of  tke 
of  tike  atmospbere,  the  oxTgcn  for  exaa^ile,  maj. 
matter  recooaolidates,  coadnie  vitit  sook  oae  of  ^k  coMpoBcnt 


Tbe  diiierent  qaantitj  of  the  iB^Mvities  or  refine  abare  aDaded  to^ 
wLieh  niaj  oecnr  ia  all  bat  ^k  aioat  traiifparent  aad  peifect  cijstalfl^ 
fliaj  parti  J  explaia  tlie  didcordant  resalts  at  vkicb  expeiicaced 
thetmsts  hare  arriTed  ia  their  aaaljas  of  the  aaaie  auaeraL  For 
the  reader  will  fiad  that  a  akiacrml  determiaed  to  be  the  aaaie  bj  ita 
phjsieal  eharactera^  CTTStalliae  Ibna,  and  optical  properties  has  often 
been  dedared  bj  ikilfbl  analjzers  to  be  cooiposed  of  distiaet  deoientBL 
(See  tbe  taUe  at  p.  377.)  This  diaagreeaieiit  seeaied  at  firrt  sab- 
▼erriTe  of  tbe  atomic  theorj,  or  the  doctriae  that  there  is  a  fixed 
and  coDstant  relatioB  between  the  erTStalline  form  and  stiuctuia  of 
a  minera],  and  its  chemical  composition.  The  apparent  aaomalj, 
howerer,  which  threatened  to  throw  the  whole  science  of  mineralogj 
iato  oonfosion,  was  in  a  great  degree  reconciled  to  fixed  principles 
bj  the  djscoTeries  of  Professor  Mitscheriich  at  Berlin,  who  ascertained 
that  the  composition  of  the  minerab  which  had  a{^>eared  so  rariahle^ 
was  goTemcd  bj  a  general  law,  to  which  he  gare  the  name  of 
isomorphism  (from  i^oc,  isos,  eqoal,  and  fiopfti,  tmorjAe^  fivm.)  Ac- 
cording to  this  law,  the  ingredients  of  a  giTcn  species  of  mineral  are 
not  absolatelj  fixed  as  to  their  kind  and  qaalitj ;  but  one  ingredient 
maj  be  replaced  bj  an  equivalent  portion  of  some  analogous  ingredient. 
ThnSy  in  angite,  the  lime  maj  be  in  part  replaced  bj  portions  of 
protoxide  of  iron,  or  of  manganese,  while  tbe  form  of  the  dystal,  and 
the  angle  of  its  cleavage  planes,  remain  the  same.  These  vicarioiis 
sobstitotions,  however,  of  particular  elements  cannot  exceed  cwtain 
defined  limits. 

Having  been  led  into  this  digression  on  the  recent  progress  of 
mineralogj,  I  may  here  observe  that  the  geological  student  most 
endearoor  as  soon  as  possible  to  familiarize  himself  with  the  characters 
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of  five  at  least  of  the  most  abundant  simple  minerals  of  which  rocks 
are  composed.  These  are,  felspar,  quartz,  mica,  hornblende,  and 
carbonate  of  lime.  This  knowledge  cannot  be  acquired  from  books, 
but  requires  personal  inspection,  and  the  aid  of  a  teacher.  It  is  well 
to  accustom  the  eje  to  know  the  appearance  of  rocks  under  the  lens. 
To  learn  to  distinguish  felspar  from  quartz  is  the  most  important 
step  to  be  first  aimed  at.  In  general  we  may  know  the  felspar 
because  it  can  be  scratched  with  the  point  of  a  knife,  whereas  the 
quartz,  from  its  extreme  hardness,  receives  no  impression.  But  when 
these  two  minerals  occur  in  a  granular  and  uncrystallized  state,  the 
young  geologist  must  not  be  discouraged  if,  after  consideitible  practice, 
he  often  fails  to  distinguish  them  by  the  eye  alone.  If  the  felspar  is  in 
crystals,  it  is  easily  recognized  by  its  cleavage  :  but  when  in  grains 
the  blow-pipe  must  be  used,  for  the  edges  of  the  grains  can  be 
rounded  in  the  flame,  whereas  those  of  quartz  are  infusible.  If  the 
geologist  is  desirous  of  distinguishing  the  three  varieties  of  felspar 
above  enumerated,  or  hornblende  from  augite,  it  will  often  be  necessary 
to  use  the  reflecting  goniometer  as  a  test  of  the  angle  of  cleavage, 
and  shape  of  the  crystal.  The  use  of  this  instrument  will  not  be 
found  difficult. 

The  external  characters  and  composition  of  the  felspars  are  ex- 
tremely different  from  those  of  augite  or  hornblende ;  so  that  the  vol- 
canic rocks  in  which  either  of  these  minerals  decidedly  predominates, 
are  easily  recognized.  But  there  are  mixtures  of  the  two  elements 
in  every  possible  proportion,  the  mass  being  sometimes  exclusively 
composed  of  felspar,  at  other  times  solely  of  augite,  or,  again,  of  both 
in  equal  quantities.  Occasionally,  the  two  extremes,  and  all  the 
intermediate  gradations,  may  be  detected  in  one  continuous  mass. 
Nevertheless  there  are  certain  varieties  or  compounds  which  prevail 
so  largely  in  nature,  and  preserve  so  much  uniformly  of  aspect  and 
composition,  that  it  is  useful  in  geology  to  regard  them  as  distinct 
rocks,  and  to  assign  names  to  them,  such  as  basalt,  greenstone, 
trachyte,  and  others,  already  mentioned. 

Basalt. —  As  an  example  of  rocks  in  which  augite  greatly  prevails, 
basalt  may  first  be  mentioned.  Although  we  are  more  familiar  with 
this  term  than  with  that  of  any  other  kind  of  trap,  it  is  difficult  to 
define  it,  the  name  having  been  used  so  vaguely.  It  has  been  very 
generally  applied  to  any  trap  rock  of  a  black,  bluish,  or  leaden-grey 
colour,  having  a  uniform  and  compact  texture.  Most  strictly,  it 
consists  of  an  intimate  mixture  of  augite,  felspar,  and  iron,  to  which 
a  mineral  of  an  olive  green  colour,  called  olivine,  is  often  superadded, 
in  distinct  grains  or  nodular  masses.  The  iron  is  usually  magnetic, 
and  is  often  accompanied  by  another  metal,  titanium.  Augite  is  the 
predominant  mineral,  the  felspar  being  in  much  smaller  proportions. 
There  is  no  doubt  that  many  of  the  fine-grained  and  dark-coloured 
trap  rocks,  called  basalt,  contain  hornblende  in  the  place  of  augite ; 
but  this  will  be  deemed  of  small  importance  after  the  remarks  above 
made.  Other  minerals  are  occasionally  found  in  basalt ;  and  this  rock 
may  pass  insensibly  into  almost  every  variety  of  trap,  especially 
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iDto  grttuMone,  ctinkstooe,  >nii  wacke,  which  win  be  pRseotij-  i 
aaihtd. 

Grttnstoxe,  or  DoIerUe,  \i  hsoaUt  defiii<^l  as  a  gnnolar  rock,  t 
conatitnent  parti  of  which  are  bomblende  and  imperfectlj  nrvtalliz 
febpar ;  the  febpar  being  mmc  abundant  than  in  hank ;  and  t 
graiaa  or  crjstab  of  the  two  minerab  more  dutinct  from  each  othi 
Tbis  name  nuj  alio  be  extended  to  thode  rociu  in  which  angite 
■nbttitnted  for  hornblende  (the  dolorite  of  lonie  aatbors),  or  to  tha 
in  which  albite  replaces  common  felspar,  forming  the  ro^  sooietiiii 
called  Andesite. 

Sytnitit  greenttoite. — The  higfaly  crrstalline  compounds  of  tl 
ume  two  minerals,  felspar  and  hornblende,  haviog  a  gnnitifoi 
testare,  and  with  occaaiMiallj  aome  qnarti  accMnpanjing,  uaj-  ] 
called  Syenitic  greenstoae,  a  rock  which  frequently  paimm  in 
ordinary  trap,  and  as  ^eqaentlj  into  granite. 

Trachyte. — A  porphj^ritic  rock  of  a  whitish  or  gfejish  cokx 
composed  principally  of  glassy  felspar,  with  crystali  <^  the  sam 
generally  with  some  hombleode  and  some  titaniferons  iron, 
composition  it  is  extremely  difierent  from  basalt,  this  being  a  fel 
patbic,  as  the  other  is  an  aagilic,  rock.  It  has  a  peculiar  rough  fe 
whence  the  name  r^fv^.,  traehxu,  rough.  Some  rarieties  of  trachj 
contiun  crystals  of  quartz. 

Porphyry  is  merely  ft  certain  form  of  rock,  Tcry  characteristic 
ni.»T.  the  volcanic  formaiioos.     When   di 

tinct  crystals  of  one  or  more  mineri 
are  scattered  through  an  earth/  < 
compact  base,  the  rock  is  termed 
porphyry  (see  fig.  437.>  Thus  trachy 
is  porphyritic ;  for  in  it,  as  in  mai 
modem  Utbs,  there  are  crystals  of  it 
spar  ;  but  in  some  porphyries  the  cry 
tals  aro  of  augite,  olivine,  or  othi 
minerals.  If  the  base  be  greenston 
basalt,  or  pitchstone,  the  rock  mi 
—..  ,  ^"Jf"^- ,     .  ..         be  denominated  greenstone-porpbyr 

oiiioTBbiiniieiuiii  iriqw.  pitchstone-porphyry,  and  so  forth. 

Amygdaloid. — This  is  also  another  form  of  igneous  rock,  admittii 
of  every  variety  of  composition.  It  comprohends  any  rock  in  whi< 
round  or  almond-shaped  nodules  of  some  mineral,  such  as  agal 
calcedony,  calcareous  spar,  or  zeolite,  are  scattered  through  a  base  ' 
wack^,  basalt,  greenstone,  or  other  kind  of  trap.  It  derives  its  nan 
from  the  Greek  word  amygdala,  an  almond.  The  origin  of  th 
structure  cannot  be  doubted,  for  we  may  trace  the  process  of  i 
formation  in  modern  lavas.  Small  pores  or  cells  aro  caused  I 
bubbles  of  steam  and  gas  confined  in  the  melted  matter.  After  i 
during  consolidation,  these  empty  spaces  aro  gradually  filled  up  \ 
matter  separating  from  the  mass,  or  infiltered  by  water  permeatii 
the  rock.  As  these  bubbles  have  been  sometimes  lengthened  by  tl 
flow  of  the  lava  before  it  finally  cooled,  the  contents  of  such  caviti< 
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have  the  form  of  almonds.  la  some  of  the  amygckloidal  traps  of 
Scotland,  where  the  nodulea  have  decomposed,  the  empty  cells  are 
seen  to  have  a  glazed  or  Titreous  coaUng,  and  in  this  reBpect  exactly 
resemble  scoriaceous  lavas,  or  the  slags  of  fumacea. 

The  annexed  figure  represents  a 
fragment  of  stone  taken  from  the 
upper  part  of  a  sheet  of  basaltic 
lava  in  Auvergne.  One  half  is 
scoriaceous,  the  pores  being  per- 
fectly empty ;  the  other  part  is 
amygdaloidal,  the  pores  or  cells 
being  mostly  filled  up  with  car- 
bonate of  lime,  forming  whit«  ker- 

Scoria  and  Pumiet  may  next 
be  menlioned  as  porous  rocks, 
produced  by  the  action  of  gases  on 
materiab  melted  by  volcanic  heat. 
Scoria  are  usually  of  a  reddish- 

, ,_^, ,      brown  and  black  colour,  and  are 

dc  Dotot,  Fnuu.  jjjg  cinders  and  slags  of  basaltic  or 

augitic  lavas.  Pumice  is  a  light,  spongy,  fibrous  substance,  produced 
by  the  action  of  gases  on  trachytic  and  otber  lavas ;  the  relation, 
however,  of  its  origin  to  the  composition  of  lava  is  not  yet  well 
understood.  Von  Buch  says  that  it  never  occurs  where  only  Labra- 
dor-felspar is  present. 

Lava. — This  terra  has  a  somewhat  vague  signification,  having 
been  applied  to  all  melted  matt«r  observed  to  flow  in  streams  from 
volcanic  vents.  When  this  matter  consolidates  in  the  open  air,  the 
upper  part  is  usually  scoriaceous,  and  the  mass  becomes  more  and 
more  stony  as  we  descend,  or  in  proportion  as  it  has  consolidated 
more  slowly  and  under  greater  pressure.  At  the  bottom,  however, 
of  a  stream  of  lava,  a  small  portion  of  scoriaceous  rock  very  fre- 
quently occurs,  formed  by  the  first  thin  sheet  of  liquid  matter,  which 
often  precedes  the  main  current,  or  in  consequence  of  the  contact 
with  water  in  or  upon  the  damp  soil. 

The  more  compact  lavas  are  often  porphyiitic,  but  even  the 
scoriaceous  part  sometimes  contains  imperfect  crystals,  which  have 
been  derived  from  some  older  rocks,  in  which  the  crystals  pre-existed, 
but  were  not  melted,  as  being  more  infusible  in  their  nature. 

Although  melted  matter  rising  in  a  crater,  and  even  that  which 
enters  rents  on  the  side  of  a  crater,  is  called  lava,  yet  this  term 
belongs  more  properly  to  that  which  has  Sowed  either  in  the  open 
air  or  on  the  bed  of  a  lake  or  aea.  If  the  same  fluid  has  not  reached 
the  surface,  but  has  been  merely  injected  into  fissures  below  ground, 
it  is  called  trap. 

There  is  every  variety  of  composition  in  lavas ;  some  are  trachytic, 
as  in  the  Peak  of  Tenerifie ;  a  great  number  are  basaltic,  aa  in  Ve- 
suvius and  Auvergne ;  others  are  Andesitic,  as  thoM  of  Chili ;  some 

BS  8  ^^^ 


374  TRAPP  TUFF  —  VOLCANIC   TUFF.       [Ch.  XXVIIL 

of  the  most  modern  in  Vesuvius  consist  of  green  augite,  and  many  of 
those  of  Etna  of  augite  and  Labrador-felspar.* 

Trap  tuff^  volcanic  tuff, — Small  angular  fragments  of  the  scorisa 
and  pumice,  above  mentioned,  and  the  dust  of  the  same,  produced  by 
volcanic  explosions,  form  the  tuffs  which  abound  in  all  regions  of 
active  volcanos,  where  showers  of  these  materials,  together  with 
small  pieces  of  other  rocks  ejected  from  the  crater,  fall  down  upon 
the  land  or  into  the  sea.  Here  they  often  become  mingled  with 
shells,  and  are  stratified.  Such  tuffs  are  sometimes  bound  together 
by  a  calcareous  cement,  and  form  a  stone  susceptible  of  a  beautiful 
polish.  But  even  when  little  or  no  lime  is  present,  there  is  a  great 
tendency  in  the  materials  of  ordinary  tuffs  to  cohere  together. 

Besides  the  peculiarity  of  their  composition,  some  tuffs,  or  volcanic 
grits,  as  they  have  been  termed,  differ  from  ordinary  sandstones  by 
the  angularity  of  their  grains.  When  the  fragments  are  coarse,  the 
rock  is  styled  a  volcanic  breccia.  Tu/aceous  conglomerates  result 
from  the  intermixture  of  rolled  fragments  or  pebbles  of  volcanic  and 
other  rocks  with  tuff. 

According  to  Mr.  Scrope,  the  Italian  geologists  confine  the  term 
tuffy  or  tufa,  to  felspathose  mixtures,  and  those  composed  principally 
of  pumice,  using  the  term  peperino  for  the  basaltic  tuffs.f  The 
peperinos  thus  distinguished  are  usually  brown,  and  the  tuffs  grey  or 
white. 

We  meet  occasionally  with  extremely  compact  beds  of  volcanic 
materials,  interst ratified  with  fossiliferous  rocks.  These  may  some- 
times be  tuffs,  although  their  density  or  compactness  is  such  as  to 
cause  them  to  resemble  many  of  those  kinds  of  trap  which  are  found 
in  ordinary  dikes.  The  chocolate-coloured  mud,  which  was  poured 
for  weeks  out  of  the  crater  of  Graham's  Island,  in  the  Mediterranean, 
in  1831,  must,  when  unmixed  with  other  materials,  have  constituted 
a  stone  heavier  than  granite.  Each  cubic  inch  of  the  impalpable 
powder  which  has  fallen  for  days  through  the  atmosphere,  during 
some  modern  eruptions,  has  been  found  to  weigh,  without  being 
compressed,  as  much  as  ordinary  trap  rocks,  and  to  be  often  identical 
with  these  in  mineral  composition. 

The  fusibility  of  the  igneous  rocks  generally  exceeds  that  of  other 
rocks,  for  there  is  much  alkaline  matter  and  lime  in  their  composition, 
which  serves  as  a  flux  to  the  large  quantity  of  silica,  which  would  be 
otherwise  so  refractory  an  ingredient. 

It  is  remarkable  that,  notwithstanding  the  abundance  of  this  silica, 
quartz  is  usually  wanting  in  the  volcanic  rocks,  or  is  present  only  as 
an  occasional  mineral,  like  mica.  The  elements  of  mica,  as  of  quartz, 
occur  in  lava  and  trap ;  but  the  circumstances  under  which  these 
rocks  are  formed  are  evidently  unfavourable  to  the  development 
of  mica  and  quartz,  minerals  so  characteristic  of  the  hypogene  for- 
mations. 

It  would  be  tedious  to  enumerate  all  the  varieties  of  trap  and  lava 

*  G.  Rose,  Ann.  des  Mines,  torn.  viii.  p.  32.    f  GeoL  Trans,  vol  IL  p.  21 1.  2d  series. 
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which  have  been  regarded  by  different  observers  as  sufficiently 
abundant  to  deserve  distinct  names,  especially  as  each  investigator  is 
too  apt  to  exaggerate  the  importance  of  local  varieties  which  happen 
to  prevail  in  districts  best  known  to  him.  It  will  be  useful,  however, 
to  subjoin  here,  in  the  form  of  a  glossary,  an  alphabetical  list  of  the 
names  and  synonyms  most  commonly  in  use,  with  brief  explanations, 
to  which  I  have  added  a  table  of  the  analysis  of  the  simple  minerals 
most  abundant  in  the  volcanic  and  hypogene  rocks. 


Explanation  of  the  names,  synonyms,  and  mineral  composition  of  the 

more  abundant  volcafuc  rocks, 

AMPmBOLiTB.  See  Hornblende  rock,  amphibole  being  Hauy's  name  for  horn- 
blende. 

Amtqdaloid.    a  particular  form  of  volcanic  rock ;  see  p.  372. 

AuQiTB  BOCK.  A  kind  of  basalt  or  greenstone,  composed  wholly  or  principally  of 
granular  augite.    (^LeonhanTs  MineraJreich,  2d  edition,  p.  85.) 

AuGiTic-POKPUTRT.  Ciystals  of  Labrador-felspar  and  of  augite,  in  a  green  or  dark 
grey  base.    (/?ose,  Ann,  dea  Mine*,  touL  8.  p.  22.  1835. 

Basalt.  Chiefly  augite — an  intimate  mixture  of  augite  and  felspar  with  magnetic 
iron,  olivine,  &c.  See  p.  371.  The  yellowish  green  mineral  called  olivine, 
can  easily  be  distinguished  firom  yellowish  felspar  by  its  infusibility,  and 
having  no  cleavage.    The  edges  turn  brown  in  the  flame  of  the  blow-pipe. 

Basanite.  Name  given  by  Alex.  Brongniart  to  a  rock,  having  a  base  of 
basalt,  with  more  or  less  distinct  crystals  of  augite  disseminated  through  it. 

Clatstone  and  Clatstone-pobphtbt.  An  earthy  and  compact  stone,  usually  of 
a  purplish  colour,  hke  an  indurated  clay ;  passes  into  homstone ;  generally 
contains  scattered  crystals  of  felspar  and  sometimes  of  quartz. 

Clinkstone.  Syn,  Fhonolite,  fissile  Petrosilex ;  a  greenish  or  greyish  rock,  having 
a  tendency  to  divide  into  slabs  and  columns  ;  hard,  with  clean  fracture, 
ringing  under  the  hammer ;  principally  composed  of  compact  felspar,  and, 
according  to  Gmelin,  of  felspar  and  mesotype.  (^Leonhard,  Mineralreich^ 
p.  102.)  A  rock  much  resembling  clinkstone,  and  called  by  some  Petrosilex. 
contains  a  considerable  percentage  of  quartz  and  felspar.  As  both  trachyte 
and  basalt  pass  into  clinkstone,  the  rock  so  called  must  be  very  various  in 
composition. 

Compact  Felspab,  which  has  also  been  called  Petrosilex;  the  rock  so  called 
includes  the  homstone  of  some  mineralogists,  is  allied  to  clinkstone,  but  is 
harder,  more  compact,  and  translucent  It  is  a  varying  rock,  of  which  the 
chemical  composition  is  not  well  defined,  and  is  perhaps  the  same  as  that 
of  clay.  (^MacCuUocKa  Classification  of  Books,  p.  481.)  Dr.  MacCuUoch 
says,  that  it  contains  both  potash  and  soda. 

CoRNEAN.  A  variety  of  claystone  allied  to  homstone.  A  fine  homogeneous  paste, 
supposed  to  consist  of  an  aggregate  of  felspar,  quartz,  and  homblende,  with 
occasionally  epidote,  and  perhaps  chlorite ;  it  passes  into  compact  felspar 
and  homstone.    (2>e  la  Beche,  GeoL  Trans,  second  series,  voL  2.  p.  3.) 

Dlallage  rock.     Syn,  Euphotide,  Gabbro,  and  some  Ophiolites.    Compounded 

of  felspar  and  diallage,  sometimes  with  the  addition  of  serpentine,  or  mica, 

or  quartz.    {MacCulh(A,  ibid,  p.  648.) 
Diobite.    a  kind  of  greenstone,  which  see.    Components,  felspar  and  hornblende 

in  grains.    According  to  Bose,  Ann,  des  Mines,  torn,  8.  p.  4.,  diorite  consists 

of  albite  and  hornblende, 
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DiORiTic-PORPHTRT.  A  porphjrittc  greenstone,  composed  of  ciystalB  of  albite  aad 
hornblende,  in  a  greenish  or  blackish  base.    {Hose,  ibid,  p.  10.) 

DoLBBiTE.  Formerly  defined  as  a  synonym  of  greenstone,  which  see.  Bat,  ac- 
cording to  Hose  (ibid,  p.  32.),  its  composition  is  black  augite  and  Labrador- 
felspar  ;  according  to  Leonhard  {MineraJreich,  &c  p.  77.),  aagite,  Labrador- 
felspar,  and  magnetic  iron. 

DoMiTE.  An  earthy  condition  of  trachi/te,  foand  in  the  Pay  de  Dome,  in 
Aavergne. 

EuPHOTiDE.  A  mixture  of  grains  of  Labrador-felspar  and  diallage.  (/2o«e,  iditL 
p.  19.)  According  to  some,  this  rock  is  defined  to  be  a  mixture  of 
augite  or  hornblende,  and  Saossurite,  a  mineral  allied  to  jade.  (Allan's 
Mineralogy^  p.  158.)     See  Diallage  rock. 

Felspab-pobphtbt.  Syn.  Homstone-porphyry ;  a  base  of  felspar,  with  crystals 
of  felspar,  and  crystals  and  grains  of  quartz.     See  also  Homstone. 

Gabbbo,  see  Diallage  rock. 

Gbeenstone.  Syn,  Dolerite  and  diorite  ;  components,  hornblende  and  felspar,  or 
augite  and  felspar  in  grains.    See  above,  p.  372. 

Gbetstome.  (Graustein  of  Werner.)  Lead  grey  and  greenish  rock,  composed  of 
felspar  and  augite,  the  felspar  being  more  than  seventy-five  per  cent.  (Scropej 
Joum,  of  Sci,  No.  42.  p.  221.)  Greystone  lavas  are  intermediate  in  compo- 
sition between  basaltic  and  trachytic  lavas. 

Hobnblendb  Rock.  A  greenstone,  composed  principally  of  granular  hornblende, 
or  augite.    (Leonhard,  Mineralreich,  &c,  p.  85.) 

HoBNSTONE,  HoKNBTONE-POBPHTBT.  A  kind  of  felspar  porphyry  (Leonhard,  ibid,'), 
with  a  base  of  homstone,  a  mineral  approaching  near  to  flint,  difiering  from 
compact  felspar  in  being  infusible. 

Htpebstuenb  Rock,  a  mixture  of  grains  of  Labrador-felspar  and  hypersthene 
(Rose,  Ann,  des  Mines,  tooL  8.  p.  13.),  having  the  structure  of  syenite  or 
granite ;  abundant  among  the  traps  of  Skye.  In  a  geological  view,  it  has 
been  called  a  greenstone,  in  which  hypersthene  takes  the  place  of  horn- 
blende. 

Melaphtbe.  a  variety  of  black  porphyry,  the  base  being  black  augite  with  crystals 
of  felspar  >,  from  ficAoi,  melas,  black. 

Obsidian.    Vitreous  lava  like  melted  glass,  nearly  allied  to  pitchstone. 

Ophioute,  sometimes  same  as  Diallage  rock  (Leimhard,  p.  77.)  ;  sometimes  a  kind 
of  serpentine. 

Ophite.  A  green  porphyritic  rock,  composed  chiefly  of  hornblende,  with  crystals 
of  that  mineral  in  a  base  of  the  same,  mixed  with  some  felspar.  It  passes 
into  serpentine  by  a  mixture  of  talc    (Burafs  d^Aubuisaon,  tom.  11.  p.  63.) 

Peablbtone.  a  volcanic  rock,  having  the  lustre  of  mother  of  pearl ;  nsually 
having  a  nodular  structure ;  intimately  related  to  obsidian,  but  less  glassy. 

Pepebino.    a  form  of  volcanic  tuflj  composed  of  basaltic  scorisB.     See  p.  974. 

Petbosilex.     See  Clinkstone  and  Compact  Felspar. 

Phonolite.     Syn,  of  Clinkstone,  which  see. 

Pitchstone.  Vitreous  lava,  less  glassy  than  obsidian ;  a  blackish  green  rock 
resembling  glass,  having  a  resinous  lustre  and  appearance  of  pitch  ;  compo- 
sition various,  usually  felspar  and  augite ;  passes  into  basalt ;  occurs  in  veins, 
and  in  Arran  forms  a  dike  thirty  feet  wide,  cutting  through  sandstone ;  forms 
the  outer  walls  of  some  basaltic  dikes. 

PoBPHTBT.  Any  rock  in  which  detached  crystals  of  felspar,  or  of  one  or  more 
minerals,  are  difinsed  through  a  base.     See  p.  372. 

PozzoLANA.    A  kind  of  tuE     See  n.  36. 
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Pdmicb.     a  light,  spongj,  fibrous  ronn  of  trach; le.     See  p.  373. 
PisoxENic-POiU'UIBT,  BWne  u  augitic-porphjiy,  pytoione  being  Hauy's  name  for 

ScoKi^K.    5yii.  volcwie  cinders  g  reddith  brown  or  black  porow  form  of  lava. 

See  p.  373. 

Seefkhtink.  a.  greenish  rock,  in  which  there  ii  much  magnesia;  tunallj 
coDtuDB  diallage,  which  ia  nearlf  allied  Ui  tho  lintple  miaeral  called  ser- 
pentine. Occura  sonMiiiDe^  thoogh  rarely,  in  iikes,  altering  the  contiguona 
strata  i  is  indifferently  »  member  of  the  trappean  or  hypogene  series. 

STEmTic-QBEEiiBTOHE  )  Composition,  crystals  or  grains  of  felspar  and  bornbicnde. 
See  p.  372, 

Tefhrine,  sjnonomous  with  lava.  Hame  proposed  by  Alex.  BrongniarL 
T0U18TONB.  A  local  aame  in  Derbyshire  for  a  kind  of  vracke,  which  see. 
TnAUHYTK.     ChieSy  composed  of  glast7  felspar,  with  ciyUals  of  glassy  felspar. 

See  p.  372. 
Trap  tuff.     Set  p.  374. 
TRAsa.    A  kind  of  tnff  or  mad  poured  ont  by  lake^ratcrs  daring  erupliona  ; 

common  in  tho  Eifel,  in  Germany. 
TcFACBOus  coKaLOMBRArE,  See  p.  374, 
TcTFF.     5^  Trap-toff,  volcanic  tu£     See  p.  3T4. 

TiTREODS  LATA.     Sm  Pilchstone  and  Obsidian. 
VoLCAHic  TUFF.     See  p.  374. 

Wack£    a  loft  and  earthy  variety  of  trap,  having   an  argiUaceous  aspect.    It 

resembles  indurated  clay,  and  when  scratched,  exhibits  a  shining  streak. 
WiuHSTONB.    A  Scotch  provincial  terra  for  greenstone  and  other  hard  trap  rocks. 
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VOLCANIC  BOCK8. 


CHAPTER  XXIX. 
TOLCAKiC  BOCKS — continued. 


Trap  dikM — sometimes  project — ■ometimes  leare  fiBsane  Tscant  by  d«eompo«tioa 
— Branches  and  tgiub  of  (rap  —  IKkes  more  ci7BtalliDo  in  the  oentie — Foreign 
(VagmenCa  of  ruck  imbedded — Strata  alMredat  or  near  the  contact — Obliteratiaa 

of  organic  remuns — Convernoo  of  chalk  into  marble — and  of  coal  into  coke 

Inequoiily  in  the  modifpng  iaflneoce  of  dikea^Trap  inicrposed  between  strata — 
Columnar  and  globular  atnictare —  Relation  of  trappean  rocks  u>  the  product!  of 
active  volcanos  —  Sab-marine  lava  and  sjected  matter  corresponds  generally  to 
ancient  trap — Structure  and  physical  features  of  Palma  and  Kuno  other  trwtintif 
volcaoos. 

Havino  in  the  laGt  chapter  apoken  of  the  coinposition  and  miDeral 
characters  of  volcanic  rocks,  I  shall  next  describe  the  manner  aod 
poeilion  in  which  they  occur  in  the  enrth's  crust,  and  their  external 
forms.  iJow  the  leading  varieties,  such  as  basalt,  greenstone,  trachfte, 
porphjrj,  and  the  rest,  are  found  sometimes  in  dikes  penetrating 
stratified  and  unatratified  formations,  sometimes  in  shapeless  mosses 
protruding  through  or  overlying  them,  or  in  horizontal  sheets  iater- 
calated  between  strata. 

Volcanic  dikei. — Fissures  have  already  been  spoken  of  as  occurring 
in  all  kinds  of  rocks,  some  a  few  feet,  others  many  yards  in  width, 
and  often  filled  up  with  earth  or  angular  pieces  of  stone,  or  with  saad 
and  pebbles.  Instead  of  such  materials,  suppose  a  quantity  of  melted 
Btone  to  be  driven  or  injected  into  an  open  rent,  and  there  consoli- 
dated, we  have  then  a  tabular  mass  resembling  a  wall,  and  called  r 
trap  dike.  It  is  not  uncommoD 
Fis-w-  to   find    such    dikes  pasung 

through  strata  of  soft  mate' 
rials,  such  as  tnff  or  shal^ 
which,  being  more  perishable 
than  the  trap,  are  often 
washed  away  by  the  sea, 
rivers,  or  rain,  in  which  case 
the  dike  stands  prominently 
in  the  face  of  precipices^ 
on  the  level  surface  of  a 
country.  (See  the  annexed 
figure.*) 

In  the  islands  of  Arran, 
Skye,  and  other  parts  of  Scotland,  where  sandstone,  conglomerate 
and  other  hard  rocks  are  traversed  by  dikes  of  trap,  the  converse  o£ 
the  above  phenomenon  is  seen.  The  dike  having  decomposed  more 
rapidly  than  the  containing  rock,  has  once  more  lefl  open  the  on- 
*  IbsTobeealayoDred  with  this  drawing  bf  Captain  B.H«1L 
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gioal  fissure,  often  for  a  distance  of  mtmy  yarda  iaiand  from  the  sea- 
coast,  as  represented  in  the  annexed  view  (fig.  440.).  In  these 
instances,  the  greenstone  of  the  dike  is 
usumllj  more  tough  and  hard  than  the 
sandstone ;  bnt  chemical  action,  and 
chiefly  the  oxidation  of  the  iron,  has 
given  rise  to  the  more  rapid  decay. 

Thera  is  yet  another  case,  by  no  means 
incommon  in  Arran  and  other  parts  of 
Scotland,  where  the  strnta  in  contact 
with  the  dike,  and  for  a  certain  distance 
from  it,  have  been  hardened,  so  as  to 
ist  the  action  of  the  weather  more 
than  the  dike  itself,  or  the  surrounding 
rocks.  When  this  happens,  two  parallel 
walls  of  indurated  strata  are  seen  pro- 
truding above  the  general  level  of  the 
-  country,  and  following  the  course  of  the 
dike. 

Aa  fissures  sometimes  send  off  branches,  or  divide  into  two  ot 
more  fissures  of  eqaal  size,  so  also  we  find  trap  dikes  bifurcating  and 
ramifying,  and  sometimes  they  are  so  tortuous  as  to  be  called  veini^ 
though  this  is  more  common  in  granite  than  in  trep.  The  accompany- 
ing  sketch  (fig.  441.)  by  Dr.  MacCulloch  represents  part  of  a  sea- 
clifi"  in  Argyleshire,  where  an  overlying 
mass  of  trap,  b,  sends  out  some  veins 
which  terminate  downwards.  Another 
trap  vein,  a  a,  cuts  through  both  the 
limestone,  c,  and  the  trap,  b. 

In  fig.  442.,  a  ground  plan  is  given  of 
a  ramifying  dike  of  greenstone,  which  I 
observed  cutting  through  sandstone  on 
the  beach  near  Kildonan  Castle,  id 
Arran.  The  larger  branch  varies  from 
5  to  7  feet  in  width,  which  will  afford  a  scale  of  measurement  for  the 
whole. 


I  Flf.  Ml. 


In  the  Hebrides  and  other  countries,  the  same  masses  of  trap 
which  occupy  the  surface  of  the  country  for  and  wide,  concealing  the 
subjacent  stratified  rocks,  are  seen  also  in  the  sea  clifi^  prolonged 
downwards  in  veins  or  dikes,  which  probably  unite  with  othsr  mosses 
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of  igneous  rock  at  a  greater  depth.  The  largest  of  the  dikes  repre- 
BeDted  in  the  annexed  diagram,  and  which  are  seen  in  part  of  the 
coast  of  Skye,  is  no  less  than  100  feet  in  width. 


Every  variety  of  trap-rock  is  sometimes  found  in  these  dikes,  as 
basalt,  greenstone,  felspar-porphyry,  and  more  rarely  trachyte.  The 
amygdaloidal  traps  also  occur,  and  even  tuff*  and  breccia,  for  the 
materials  of  these  last  may  be  washed  down  into  open  fissures  at  the 
bottom  of  the  sea,  or  during  eruptions  on  the  land  may  be  showered 
into  them  from  the  air. 

Some  dikes  of  trap  may  be  followed  for  leagues  uninterruptedly  in 
nearly  a  straight  direction,  as  in  the  north  of  England,  showing  that 
the  fissures  which  they  fill  must  have  been  of  extraordinary  length. 

Dikeg  more  crg»talline  in  the  centre. — In  many  cases  trap  at  the 
edges  or  sides  of  a  dike  is  less  crystalline  or  more  earthy  than  in  the 
centre,  in  consequence  of  the  melted  matter  having  cooled  more 
rapidly  by  coming  in  contact  with  the  cold  sides  of  the  fissure ; 
whereas,  in  the  centre,  the  matter  of  the  dike  being  kept  long  in  a 
fluid  or  soft  state,  the  crystals  are  slowly  formed.  In  the  ancient 
part  of  VesuTiuB,  called  Somma,  a  thin  band  of  half-vitreous  Uva  is 
found  at  the  edge  of  some  dikes.  At  the  junction  of  greenstone 
dikes  witli  limestone,  a  tahlband,  or  selvage,  of  serpentine  is  occa- 
sionally observed. 

On  the  left  shore  of  the  fiord  of  Christianio,  in  Norway,  I  ex- 
amined, in  company  with  Professor  Keilbau,  a  remarkable  dike  of 
syenitic  greenstone,  which  is  traced  through  Silurian  strata^  until  at 
length,  in  the  promontory  of  Ns^odden,  it  enters  mica-schist. 
Fig.  444.  represents  a  ground  plan,  where  the  dike  appears  8 paces  ia 
width.  In  the  middle  it  is 
highly  crystalline  and  graniti- 
form,  of  a  purplish  colour,  and 
containing  a  few  crystals  of  mica, 
and  strongly  contrasted  with  the 
whitish  mica-schist,  between 
which  and  the  syenitic  rock  there 
is  usually  on  each  side  a  disdnct 
black  band,  18  inches  wide,  of 
dark  greenstone.  When  first 
seen,  these  hands  have  the  ap- 
pearance of  two  accompanying 
dikes ;  yet  they  are,  in  fact,  only 
the  difierent  form  which  the  aye- 
nitic  materials  have  assumed  where  near  to  or  in  contact  with  tbe 
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mica-Bchist.  At  oae  point,  a,  one  of  the  sahlbands  terminates  for  a 
space ;  but  near  this  there  is  a  large  detached  block,  b,  having  a 
gneiss-like  structure,  consisting  of  hornblende  and  felspar,  which  is  in- 
clniledinthemldstof  the  dike.  Round  this  a  smaller  encircling  zone 
is  seen,  of  dark  basalt,  or  fine-grained  greenstone,  nearly  corresponding 
to  the  larger  ones  which  border  the  dike,  but  only  1  inch  wide. 

It  seems,  therefore,  evident  that  the  fragment,  b,  has  acted  on  the 
matter  of  the  dike,  probably  by  causing  it  to  cool  more  rapidly,  in  the 
same  manner  as  the  walls  of  the  fissure  have  acted  on  a  larger  scale. 
The  facts,  also,  illustrate  the  facility  with  which  a  granitiform  syenite 
may  pass  into  ordinary  rocks  of  the  volcanic  family. 

The   fact  above   alluded   to,  of  a  foreign    fragment,  such  as  b, 
fig.  444.,  included  in  the  midst 
««■«»■  of  the  trap,  as  if  torn  off  from 

some  subjacent  rock  or  the  walls 
of  a  fissure,  is  by  no  meaus  un- 
common. A  fine  example  is 
seen  in  another  dike  of  green- 
stone, 10  feet  wide,  in  the 
northern  suburbs  of  Christiania, 
in  Norway,  of  which  the  an- 
nexed figure  is  a  ground  plan. 
The  dike  passes  through  shale, 
OrwniiDM  '"^^"ciX'tao'i  "'  *"**"'  *"'  1""*""  ^7  ^^  fossils  to  belong  to 
the  Silurian  series.  In  the  black 
base  of  greenstone  are  angular  and  roundish  pieces  of  gneiss,  some 
white,  others  of  a  light  flesh-colour,  some  without  lamination,  like 
granite,  others  with  laminoe,  which,  by  their  various  and  often 
opposite  directions,  show  that  they  have  been  scattered  at  random 
through  the  matrix.  These  imbedded  pieces  of  gneiss  measure  from 
1  to  about  8  inches  in  diameter. 

Roek»  altered  by  volcanic  dikes. — Ailer  these  remarks  on  the  form 
and  composition  of  dikes  themselves,  I  shall  describe  the  alterations 
which  they  sometimes  produce  in  the  rocks  in  contact  with  them. 
The  changes  are  usually  such  as  the  intense  heat  of  melted  matter  and 
the  entangled  gases  might  be  expected  to  cause. 

Has-Newydd. — A  striking  example,  near  Plas-Newjdd,  in 
Angleaea,  has  been  described  by  Professor  Henslow."  The  dike  is 
134  feet  wide,  and  consists  of  a  rock  which  is  a  compound  of  felspar 
and  augite  (dolerite  of  some  authors).  Strata  of  shale  and  argilla- 
ceous limestone,  through  which  it  cuts  perpendicularly,  are  altered  to 
a  distance  of  30,  or  even,  in  some  places,  to  35  feet  from  the  edge  of 
the  dike.  The  shale,  as  it  approaches  the  trap,  becomes  gradually 
more  compact,  and  is  most  indurated  where  nearest  the  junction- 
Here  it  loses  part  of  its  schistose  structure,  but  the  separation  into 
parallel  layers  is  still  discernible.  In  several  places  the  shale  is  con- 
verted into  hard  porcellanous  jasper.  In  the  most  hardened  part  of 
the  mass  the  fossil  shells,  principally  Produeli,  are  nearly  obliterated ; 
*  Ctuubiidge  ltaiuaction«,  vol  i.  p.  402. 
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yet  even  here  their  impreasions  may  frequently  be  traced.  The  ar- 
gillaceous limestoDe  undergoes  ana]<^ue  mutations,  losing  its 
earthy  texture  as  it  approaches  the  dike,  and  becoming  granular  and 
crystalline.  But  the  most  extraordinary  phenomenon  is  the  appear- 
ance in  the  shale  of  numerous  crystals  of  analcime  and  garnet,  which 
are  distinctly  confined  to  those  portions  of  the  rock  affected  by  the 
dike.*  Some  garnets  contain  as  much  as  20  per  cent  of  lime,  which 
they  may  have  derived  from  the  decomposition  of  the  fossil  sheila  or 
Producti.  The  same  mineral  has  been  observed,  under  very  ana- 
logoua  circumstances,  in  High  Teesdale,  by  Professor  Sedgwick, 
where  it  also  occurs  in  shale  and  limestone,  altered  by  basalt-f 

Antrim.  —  In  several  parts  of  the  county  of  Antrim,  in  the  north 
of  Ireland,  chalk  with  flints  is  traversed  by  basaltic  dikes.  The  chalk 
is  there  converted  into  granular  marble  near  the  basalt,  the  change 
sometimes  extending  8  or  10  feet  from  the  wall  of  the  dik^  being 
greatest  near  the  point  of  contact,  and  thence  gradually  decreasing 
till  it  becomes  evanescent  "  The  extreme  effect,"  says  Dr.  Berger, 
"  presents  a  dark  brown  crystalline  limestone,  the  cryatals  ranning  ia 
flakes  as  liirge  as  those  of  coarse  primitive  (melamorphic)  limestone  | 
the  next  state  is  saccharine,  then  fine  grained  and  arenaceous;  ft 
compact  variety,  having  a  porcellanoua  aspect  and  a  bluish^^rej 
colour,  succeeds :  this,  towards  the  outer  edge,  becomes  yeDowish- 
wliite,  and  insensibly  graduates  into  the  unaltered  chalk.  The  flints 
in  the  altered  chalk  usually  assume  a  grey  yellowish  colour-'^  All 
traces  of  organic  remains  are  effaced  in  that  part  of  the  limeatone 
which  is  most  crystalline. 


(CoojiieiniDil  Bucklul^) 


The  annexed  drawing  (flg.  446.)  represents  three  basaltic  dikes 
traversing  the  chalk,  all  within  the  distance  of  90  feet  The  chalk 
contiguous  to  the  two  outer  dikes  is  converted  into  a  finely  granular 
marble,  nt  m,  as  are  the  whole  of  the  masses  between  the  outer  dikes 
and  the  central  one.  The  entire  contrast  in  the  composition  and 
colour  of  the  intrusive  and  invaded  rocks,  in  these  cases,  renders  the 
phenomena  peculiarly  clear  and  interesting. 

Another  of  the  dikes  of  the  north-east  of  Ireland  fass  converted  a 
mass  of  red  sandstone  into  hom8tone.||     By  another,  the  slate  clay 


*  Cambridge  Trans.,  voL  L  p.  410. 
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of  the  coal  measures  has  been  indurated,  and  has  assumed  the  cha- 
racter of  flinty  slate*  ;  and  in  another  place  the  slate  claj  of  the  lias 
has  been  changed  into  flinty  slate,  which  still  retains  numerous  im- 
pressions of  ammonites.f 

It  might  have  been  anticipated  that  beds  of  coal  would,  from  their 
combustible  nature,  be  aflected  in  an  extraordinary  degree  by  the 
contact  of  melted  rock.  Accordingly,  one  of  the  greenstone  dikes  of 
Antrim,  on  passing  through  a  bed  of  coal,  reduces  it  to  a  cinder  for 
the  space  of  9  feet  on  each  side4 

At  Cockfield  Fell,  in  the  north  of  England,  a  similar  change  is 
observed.  Specimens  taken  at  the  distance  of  about  30  yards  from 
the  trap  are  not  distinguishable  from  ordinary  pit  coal ;  those  nearer 
the  dike  are  like  cinders,  and  have  all  the  character  of  coke ;  while 
those  close  to  it  are  converted  into  a  substance  resembling  8oot.§ 

As  examples  might  be  multiplied  without  end,  I  shall  merely  select 
one  or  two  others,  and  then  conclude.  The  rock  of  Stirling  Castle 
is  a  calcareous  sandstone,  fractured  and  forcibly  displaced  by  a  mass 
of  greenstone  which  has  evidently  invaded  the  strata  in  a  melted 
state.  The  sandstone  has  been  indurated,  and  has  assumed  a  texture 
approaching  to  hornstone  near  the  junction.  In  Arthur's  Seat  and 
Salisbury  Craig,  near  Edinburgh,  a  sandstone  which  comes  in  con- 
tact with  greenstone  is  converted  into  a  jaspideous  rock.|| 

The  secondary  sandstones  in  Skye  are  converted  into  solid  quartz 
in  several  places,  where  they  come  in  contact  with  veins  or  masses 
of  trap ;  and  a  bed  of  quartz,  says  Dr.  MacCulloch,  found  near  a 
mass  of  trap,  among  the  coal  strata  of  Fife,  was  in  all  probability  a 
stratum  of  ordinary  sandstone,  having  been  subsequently  indurated 
and  turned  into  quartzite  by  the  action  of  heatlT 

But  although  strata  in  the  neighbourhood  of  dikes  are  thus  altered 
in  a  variety  of  cases,  shale  being  turned  into  flinty  slate  or  jasper, 
limestone  into  crystalline  marble,  sandstone  into  quartz,  coal  into 
coke,  and  the  fossil  remains  of  all  such  strata  wholly  or  in  part  obli- 
terated, it  is  by  no  means  uncommon  to  meet  with  the  same  rocks, 
even  in  the  same  districts,  absolutely  unchanged  in  the  proximity  of 
volcanic  dikes. 

This  great  inequality  in  the  effects  of  the  igneous  rocks  may  often 
arise  from  an  original  difference  in  their  temperature,  and  in  that  of 
the  entangled  gases,  such  as  is  ascertained  to  prevail  in  different 
lavas,  or  in  the  same  lava  near  its  source  and  at  a  distance  from  it. 
The  power  also  of  the  invaded  rocks  to  conduct  heat  may  vary, 
according  to  their  composition,  structure,  and  the  fractures  which 
they  may  have  experienced,  and  perhaps,  also,  according  to  the  quan- 
tity of  water  (so  capable  of  being  heated)  which  they  contain.  It 
must  happen  in  some  cases  that  the  component  materials  are  mixed 

♦  GeolTrans.,  1st  series,  vol  iii.  p.  205.  §  Sedgwick,  Camb.  Trans.  voLii.  p.  37. 
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u  4i«Unr«:  ffini  tb^  tnp  is  Uoe,  and  coouins  foual  canHa,  is  here 
er.nvKrtK^  into  ^rsnakr  marUe  vttboat  fossils. 

M»*«^t  '/f  trap  are  not  DnTreqaBntlT  met  with  intercalated  between 
Rtrats,  add  maintainiDg  their  puallelism  to  tbe  planes  of  itratificalion 
tlirvf  ii^bfint  Urge  areas.  Thej  most  in  some  places  hare  forced  their 
way  laterally  between  the  dirisions  of  the  strata,  a  direction  in  which 
Ibere  woul't  be  tbe  least  resistance  to  an  adranring  flaid,  if  no  ver- 
tical rent*  cnnnnonicated  with  the  surface,  and  a  powerful  hydroa- 
taii>-.  preuure  was  eaiued  by  gases  propelling  tbe  lara  upwards. 

Columnar  ami  globular  §tructure.  —  One  of  tbe  cbarscteristic 
ffif  rni  of  voleanic  rocks,  especially  of  basalt,  is  tbe  columnar,  where 
lar^e  tnanse-i  are  divided  into  regular  prisms,  sometimes  easily  sepa- 
rutil'-,  but  in  other  cases  adhering  firmly  together.  The  columns 
vary  in  llin  numbiir  of  nngles,  from  three  to  twelve ;  but  they  hare 
in'fkt  ivfnim'fnly  from  five  to  seven  sides.  They  are  often  divided 
IrnnsverHoly,  at  nearly  cjual  distances,  like  the  joints  in  a  vertebral 
column,  as  in  (bo  Giants'  Causeway,  in  Ireland.  They  vary  exceed- 
■  Cunb.  Tiaai.  *oL  ii  ^  180. 
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ingly  in  respect  to  length  and  diameter.  Dr.  MacCulloch  mentions 
some  in  Skye  which  are  about  400  feet  long ;  otbera,  in  Morven,  not 
exceeding  an  inch.  In  regard  to  diameter,  those  of  Ailsa  measure  9 
feet,  and  those  of  Morven  an  inch  or  leaa.'  They  are  usually  straight, 
but  sometimes  curved ;  and  examples  of  both  these  occur  in  the 
island  of  Stafio.  In  a  horisonlal  bed  or  sheet  of  trap  the  columns 
are  verlical ;  in  a  vertical  dike  they  are  horisontal.  Among  other 
examples  of  the  last-mentioned  plienomenon  is  the  mass  of  basalt, 
called  the  Chimney,  in  St  Helena  (see  fig.  44S.),  a  pile  of  hexagonal 
prisms,  64  feet  high,  evidently  the  remainder  of  a  narrow  dike,  the 


walls  of  rock  which  the  dike  originally  traversed  having  been  re- 
moved down  to  the  level  of  the  sea.  In  fig.  449.  a  small  portion  of 
this  dike  is  represented  on  a  less  reduced  scale.f 

It  being  assumed  that  columnar  trap  has  consolidated  from  a  fluid 
state,  the  prisms  sre  said  to  be  always  at  right  angles  to  the  cooling 
surfaces.  If  these  surfaces,  therefore,  instead  of  being  either  per- 
pendicular, or  horizontal,  are  curved,  the  columns  ought  to  be  inclined 
at  every  angle  to  the  horizon  ;  and  there  is  a  beautiful  exemplifica- 
tion of  this  phenomenon  in  one  of  the  valleys  of  the  Vivarais,  a 
mountainous  district  in  the  Sonth  of  France,  where,  in  the  midst  of 
a  region  of  gneiss,  a  geologist  encounters  unexpectedly  several 
volcanic  cones  of  loose  sand  and  scoriae.     From  the  crater  of  one  o£ 
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these  cones  called  La  Coupe  d'A^zac,  a  stream  of  lava  descends  and 
occupies  the  bottom  of  a  narrow  valley,  except  at  those  points  where 
the  river  Volant,  or  the  torrents  which  join  it,  have  cat  away  portions 
of  the  solid  lava.  The  accompanying  sketch  (fig.  450-)  represents  the 
remnant  of  the  lava  at  one  of  the  points  where  a  lateral  torrent  jmns 
the  main  valley  of  the  Volant.  It  is  clear  that  the  lava  once  filled 
the  whole  valley  up  to  the  dotted  line  da;  but  the  liver  has  gra- 
dually swept  away  all  below  that  line,  while  the  tributary  torrent  has 
laid  open  a  transverse  section  ;  by  which  we  perceive,  in  the  first 
place,  that  the  lava  ia  composed,  as  usual  in  this  country,  of  three 
parts  :  the  uppermost,  at  a,  being  scoriaceous ;  the  second,  b,  pre- 
senting irregular  prisms ;  and  the  third,  e,  with  r^ular  columns, 
which  are  vertical  on  the  banks  of  the  Volant,  where  they  rest  on  a 
horizontal  base  of  gneiss,  but  which  are  inclined  at  an  angle  of  45"  at 
g,  and  then  horizontal  at^  their  position  having  been  every  where 
determined,  according  to  the  law  before  mentioned,  by  the  concave 
form  of  the  original  valley. 

In  the  annexed  figure  (4.'il.)  a  view  is  giveo  of  some  of  the  in- 
clined and  curved  columns  which  pre- 
sent themselves  on  the  sides  of  the 
valleys  in  the  hilly  r^oa  north  of 
VicenEo,  in  Italy,  and  at  the  foot  of  the 
higher  Alps.*  Unlike  those  of  the  Vi- 
varais,  last  mentioned,  the  basalt  of  this 
j  country  was  evidently  submarine,  and 
the  present  valleys  have  since  been  hol- 
lowed out  by  denudation. 

The  columnar  structure  is  by  no  means 
peculiar  to  the  trap  rocks  in  which  hom- 
1  blende  or  augite  predominate;  it  is  slso 
j  observed    in   clinkstone,   trachyte,    and 
other  felspathic   rocks  of    the   igneous 
class,  although  in  these  it  ia  rvely  ex- 
hibited in  such  regular  polygonal  forma. 
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It  has  been  already  suted  tbat  basaltic  columns  are  o^en  divided 
hj  cross  joiDts.  Sometimefl  each  segment,  instead  of  an  angular, 
assumes  a  epheroidal  form,  so  that  a  pillar  is  made  up  of  a  pile  of 
baUs,  usually  flattened,  as  in  the  Cheese-grotto  at  Bertrich -Baden,  ia 
the  Eifel,  near  the  Moselle  (fig.  452.).  The  basalt,  there,  is  part  of 
a  small  stream  of  lava,  from  30  to  40  feet  thick,  which  has  proceeded 
from  one  of  several  volcanic  craters,  still  extant,  on  the  neighbouring 
heights.  The  position  of  the  lava  bordering  the  river  in  this  valley 
might  be  represented  by  a  section  like  that  already  given  at  fig.  450. 
p.  385.,  if  we  merely  supposed  inclined  strata  of  slate  and  the  ar^- 
laceous  sandstone  called  greywack^  to  be  substituted  for  gneiss. 

In  some  masses  of  decomposing  greenstone,  basalt,  and  other  trap 
rocks,  the  globular  structure  is  so  conspicuous  that  the  rcx^  has  the 
appearance  of  a  heap  of  lai^  cannon  balls. 

A  striking  example  of  this  structure  occurs  in  a  rerinous  trachyte 
or  pitchstooe-porphyry  in  one  of  the  Ponw  islands,  which  rise  from 
the  Mediterranean,  off  the  coast  of  Terracina  and  Gaeta.      The 
globes  vary  from  a  few  inches  to  three 
feet  in  diameter,  and  are  of  an  ellipsoidal 
form  (see  fig.  453.).     The  whole  rock  is 
in  a  state  of  decomposition,   "and  when 
the  balls,"  sajrs  Mr  Scrope,  "  have  been 
exposed  a  short  time  to  the  weather,  thej 
scale  off  at  a  touch  into  numerous  con- 
centric coals,  like  those  of  a  bulbous  root^ 
inclosing  a  compact  nucleus.     The  laminie 
' '  I  nucleus  have  not  been  so  much 
loosened  by  decomposition  ;  but  the  appli- 
cation of  a  ruder  blow  will  produce  a  still 
I  further  exfoliation."* 

A  fissile  texture  is  occasionally  assumed 
I  by  clinkstone  and  other  trap  rocks,  so  that 
they  liave  been  used  for  roofing  houses. 
Sometimes  the  prismatic  and  slaty  struc- 
I  ture  is  found  in  the  same  mass.  The 
causes  which  give  rise  to  such  arrange- 
ments  are  very  obscure,  but  are  supposed 
to  be  connected  with  changes  of  temperature  during  the  cooling  of 
the  mass,  as  will  be  pointed  out  in  the  sequeL  (See  Chaps.  XXXV. 
and  XXXVI.) 

Relation  of  Trappean  Rocka  to  the  producti  of  active  Voleatuu. 

When  we  reflect  on  the  changes  above  described  in  the  strata  near 
their  contact  with  trap  dikes,  and  consider  how  great  ia  the  analogy 
in  composition  and  structure  of  the  rocks  called  trappean  and  the 
lavas  of  active  volcanos,  it  seems  difficult  at  first  to  understand  how 
so  much  doubt  could  have  prevailed  for  half  a  centory  as  to  whether 

*  Scrop«^  QeoL  Tnuu.  v<d.  il  p.  209.  ad  amte. 
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trap  was  of  igneous  or  aqueous  origin.  To  a  certain  extent,  how- 
ever, there  was  a  real  distinction  between  the  trappean  formations 
and  those  to  which  the  term  volcanic  was  almost  exclusively  ooii* 
fined.  The  trappean  rocks  first  studied  in  the  north  of  Germanj, 
and  in  Norway,  France,  Scotland,  and  other  countries,  were  either 
such  as  had  been  formed  entirely  under  deep  water,  or  had  been 
injected  into  fissures  and  intruded  between  strata,  and  which  had 
never  flowed  out  in  the  air,  or  over  the  bottom  of  a  shallow  sea. 
When  these  products,  therefore,  of  submarine  or  subterranean 
igneous  action  were  contrasted  with  loose  cones  of  scorie,  tuf^  and 
lava,  or  with  narrow  streams  of  lava  in  great  part  scoriaceous  and 
porous,  such  as  were  observed  to  have  proceeded  from  Vesuvius  and 
Etna,  the  resemblance  seemed  remote  and  equivocal.  It  was,  in 
truth,  like  comparing  the  roots  of  a  tree  with  its  leaves  and  branches^ 
which,  although  they  belong  to  the  same  plant,  differ  in  form,  tex- 
ture, colour,  mode  of  growth,  and  position.  The  external  cone,  with 
its  loose  ashes  and  porous  lava,  may  be  likened  to  the  light  foliage 
and  branches,  and  the  rocks  concealed  far  below,  to  the  roots.  But 
it  is  not  enough  to  say  of  the  volcano, 

**  qnantom  rertice  in  anras 
^theriao,  tantam  radioe  in  Tartara  tendit," 

for  its  roots  do  literally  reach  downwards  to  Tartarus,  or  to  the 
regions  of  subterranean  fire;  and  what  is  concealed  far  below,  is 
probably  always  more  important  in  volume  and  extent  than  what  is 
visible  above  ground. 

We  have  ^ready  stated  how  frequently  dense  masses  of  strata 

have  been  removed  by  denudation  from  wide  areas  (see  Chap.  YL)  ; 

^j    ^^  and  this  fact  prepares  us  to  expect  a 

similar  destruction  of  whatever  may 
once  have  formed  the  uppermost  part 
of  ancient  submarine  or  subaerial  vol* 
canos,  more  especially  as  those  supers 
ficial  parts  are  always  of  the  lightest 
and  most  perishable  materials.  The 
abrupt  manner  in  which  dikes  of  trap 
usually  terminate  at  the  surface  (see 
strata  ^^^^'^^^^^ ^^^^1^^*  «ki    fig.  454.)^  ^ud  the  watcr-wom  pebbles 

of  trap  in  the  alluvium  which  covers 
the  dike,  prove  incontestably  that  whatever  was  uppermost  in  these . 
formations  has  been  swept  away.     It  is  easy,  therefore,  to  conceive 
that  what  is  gone  in  regions  of  trap  may  have  corresponded  to  what 
is  now  visible  in  active  volcanos. 

It  will  be  seen  in  the  following  chapters,  that  in  the  earth's  crust 
there  are  volcanic  tuffs  of  all  ages,  containing  marine  shells,  which 
bear  witness  to  eruptions  at  many  successive  geological  periods. 
These  tuffs,  and  the  associated  trappean  rocks,  must  not  be  compared 
to  lava  and  scoriae  which  had  cooled  in  the  open  air.  Their  counter* 
parts  must  be  sought  in  the  products  of  modem  submarine  volcanic 
eruptions.    If  it  be  objected  that  we  have  no  opportunity  of  studying 
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these  last,  it  may  be  answered,  that  subterranean  movements  have 
caused,  almost  everywhere  in  regions  of  active  volcanos,  great 
changes  in  the  relative  level  of  land  and  sea,  in  times  comparatively 
modern,  so  as  to  expose  to  view  the  effects  of  volcanic  operations  at 
the  bottom  of  the  sea. 

Thus^  for  example,  the  recent  examination  of  the  igneous  rocks  of 
Sicily,  especially  those  of  the  Val  di  Noto,  has  proved  that  all  the 
more  ordinary  varieties  of  European  trap  have  been  there  produced 
under  the  waters  of  the  sea,  at  a  modem  period ;  that  is  to  say, 
since  the  Mediterranean  has  been  inhabited  by  a  great  proportion  of 
the  existing  species  of  testacea. 

These  igneous  rocks  of  the  Val  di  Noto,  and  the  more  ancient 
trappean  rocks  of  Scotland  and  other  countries,  differ  from  subaerial 
volcanic  formations  in  being  more  compact  and  heavy,  and  in  forming 
sometimes  extensive  sheets,  of  matter  intercalated  between  marine 
strata,  and  sometimes  stratified  conglomerates,  of  which  the  rounded 
pebbles  are  all  trap.  They  differ  also  in  the  absence  of  regular 
cones  and  craters,  and  in  the  want  of  conformity  of  the  lava  to  the 
lowest  levels  of  existing  valleys. 

It  is  highly  probable,  however^  that  insular  cones  did  exist  in 
some  parts  of  the  Val  di  Noto  :  and  that  they  were  removed  by  the 
waves,  in  the  same  manner  as  the  cone  of  Graham  island,  in  the 
Mediterranean,  was  swept  away  in  1831,  and  that  of  Nyoe,  off 
Iceland,  in  1783.*  All  that  would  remain  in  such  cases,  after  the 
bed  of  the  sea  has  been  upheaved  and  laid  dry,  would  be  dikes  and 
shapeless  masses  of  igneous  rock,  cutting  through  sheets  of  lava 
which  may  have  spread  over  the  level  bottom  of  the  sea,  and  strata 
of  tuff,  formed  of  materials  first  scattered  far  and  wide  by  the  winds 
and  waves,  and  then  deposited.  Trap  conglomerates  also,  to  which 
the  action  of  the  waves  must  give  rise  during  the  denudation  of  such 
volcanic  islands,  will  emerge  from  the  deep  whenever  the  bottom  of 
the  sea  becomes  land. 

The  proportion  of  volcanic  matter  which  is  originally  submarine 
must  always  be  very  great,  as  those  volcanic  vents  which  are  not 
entirely  beneath  the  sea,  are  almost  all  of  them  in  islands,  or,  if  on 
continents,  near  the  shore.  This  may  explain  why  extended  sheets 
of  trap  so  often  occur,  instead  of  narrow  threads,  like  lava  streams. 
For,  a  multitude  of  causes  tend,  near  the  land,  to  reduce  the  bottom 
of  the  sea  to  a  nearly  uniform  level, — the  sediment  of  rivers, — 
materials  transported  by  the  waves  and  currents  of  the  sea  from 
wasting  cliffs, — showers  of  sand  and  scoriae  ejected  by  volcanos,  and 
scattered  by  the  wind  and  waves.  When,  therefore,  lava  is  poured 
out  on  such  a  surface,  it  will  spread  far  and  wide  in  every  direction 
in  a  liquid  sheet,  which  may  afterwards,  when  raised  up,  form  the 
tabular  capping  of  the  land. 

As  to  the  absence  of  porosity  in  the  trappean  formations,  the  ap- 
pearances are  in  a  great  degree  deceptive,  for  all  amygdaloids  are,  as 

*  See  Frinc  of  GkoL,  Index,  **  Graham  Xdand,**  '*Nyoe^*'  ''Congloiiifintei,  voj- 
canic,"  &c. 
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already  explained^  porous  rocks,  into  the  cells  of  which  mineral 
matter,  such  as  silex,  carbonate  of  lime,  and  other  ingredients,  have 
been  subsequently  introduced  (see  p.  373.) ;  sometimes,  perhaps,  by 
secretion  during  the  cooling  and  consolidation  of  lavas. 

In  the  Little  Cumbray,  one  of  the  Western  Islands,  near  Arran, 
the  amygdaloid  sometimes  contains  elongated  cavities  filled  with 
brown  spar ;  and  when  the  nodules  have  been  washed  out,  the  in- 
terior of  the  cavities  is  glazed  with  the  vitreous  varnish  so  character- 
istic of  the  pores  of  slaggy  lavas.  Even  in  some  parts  of  this  rock 
which  are  excluded  from  air  and  water,  the  cells  are  empty,  and 
seem  to  have  always  remained  in  this  state,  and  are  therefore  undis- 
tinguishable  from  some  modem  lavas.* 

Dr.  MacCuUoch,  after  examining  with  great  attention  these  and 
the  other  igneous  rocks  of  Scotland,  observes,  ^that  it  is  a  mere 
dispute  about  terms,  to  refuse  to  the  apcient  eruptions  of  trap  the 
name  of  submarine  volcanos ;  for  they  are  such  in  every  essential 
point,  although  they  no  longer  eject  fire  and  smoke."  f  The  same 
author  also  considers  it  not  improbable  that  some  of  the  volcanic 
rocks  of  the  same  country  may  have  been  poured  out  in  the  open 
air.^ 

Although  the  principal  component  minerals  of  subaerial  lavas  are 
the  same  as  those  of  intrusive  trap,  and  both  the  columnar  and 
globular  structure  are  common  to  both,  there  are^  nevertheless,  some 
volcanic  rocks  which  never  occui'  as  lava,  such  as  greenstone,  clink- 
stone, the  more  crystalline  porphyries,  and  all  those  traps  in  which 
quartz  and  mica  frequently  appear  as  constituent  parts.  In  shorty 
the  intrusive  trap  rocks,  forming  the  intermediate  st^  between  lava 
and  the  plutonic  rocks,  depart  in  their  characters  from  lava  in  pror 
portion  as  they  approximate  to  granite. 

These  views  respecting  the  relations  of  the  volcanic  and  trap 
rocks  will  be  better  understood  when  the  reader  has  studied,  in  the 
33d  chapter,  what  is  said  of  the  plutonic  formations* 

FORM,    STRUCTURE,   AND  ORIGIN  OP  VOLCANIC  MOUNTAINS. 

The  origin  of  volcanic  cones  with  crater- shaped  summits  has  been 
alluded  to  in  the  last  chapter  (p.  368.),  and  more  fully  explained  in 
the  "  Principles  of  Geology "  (chaps,  xxiv.  to  xxvii.),  where  Ve- 
suvius, Etna,  Santorin,  and  Barren  Island  were  described.  The 
more  ancient  portions  of  those  mountains  or  islands,  formed  long 
before  the  times  of  history,  exhibit  the  same  external  features  and 
internal  structure  which  belong  to  most  of  the  extinct  volcanos  of 
still  higher  antiquity. 

The  island  of  Palma,  for  example,  one  of  the  Canaries,  offers  an 
excellent  illustration  of  what,  in  common  with  many  others,  I  r^ard 
as  the  ruins  of  a  large  dome-shaped  mass  formed  by  a  series  of 
eruptions  proceeding  from  a  crater  at  the  summit,  this  crater  having 

♦  MacCnllocb,  Weat.  IsL,  vol  ii  p.        t  ^yst,  of  GeoL,  vol.  iL  p.  114* 
487,  t  Ibid, 
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been  since  replaced  by  a  larger  cavity,  the  origin  of  which  has  afforded 
geologists  an  ample  field  for  discussion  and  apeculation. 

Von  Buch,  in  hia  excellent  account  of  the  Canariea,  has  giren  ub  a 

graphic  picture  of  this  island,  which  consists  chiefly  of  a  single 
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mountain  (fig.  455.).  X^is  mountain  has  the  general  form  of  a  great 
truncated  cone,  with  a  huge  and  deep  cavity  in  the  middle,  about  six 
miles  in  diameter,  called  bj  the  inhabitants  "  the  Caldera^"  or  caul- 
dron. The  range  of  precipices  surrounding  the  Caldera  are  no  less 
than  4000  feet  in  their  average  height ;  at  one  point,  where  thej  are 
highest,  they  are  7730  feet  above  the  level  of  tlie  sea.  The  external 
flanks  of  the  cone  incline  gently  in  every  direction  towards  the  base 
of  the  island,  and  are  in  part  cultivated  ;  but  the  walls  and  bottom 
of  the  Caldera  present  on  all  sides  rugged  and  uncultivated  rocks, 
almost  completely  devoid  of  vegetation.  So  steep  are  these  walls, 
that  there  is  no  part  by  which  they  can  be  descended,  and  the  only 
entrance  is  by  a  great  ravine,  or  Barranco,  as  it  is  called  (see  bb% 
map,  fig.  456.),  which  extends  from  the  sea  to  the  interior  of  the 
great  cavity,  and  by  its  jagged,  broken,  and  precipitous  sides,  ex- 
hibits to  the  geologist  a  transverse  section  of  the  rocks  of  which  the 
whole  mountain  is  composed.  By  this  means,  we  learn  that  the  cone 
is  made  up  of  a  great  number  of  sloping  beds,  which  dip  outwards  in 
every  direction  from  the  centre  of  the  void  space,  or  from  the  hollow 
axis  of  the  cone.  The  beds  consist  chiefly  of  sheets  of  basalt, 
alternating  with  conglomerates ;  the  materials  of  the  latter  being  in 
part  rounded,  as  if  rolled  by  water  in  motion.  The  inclination  of  all 
the  beds  corresponds  to  that  of  the  external  slope  of  the  island,  being 
greatest  towards  the  Caldera,  and  least  steep  when  they  are  nearest  * 
the  sea.  There  are  a  great  number  of  tortuous  veins,  and  many 
dikes  of  lava  or  trap,  chiefly  basaltic,  and  most  of  them  vertical, 
which  cut  through  the  sloping  beds  laid  open  to  view  in  the  great 
gorge  or  Barranco.  These  dikes  and  veins  are  more  and  more 
abundant  as  we  approach  the  Caldera,  being  therefore  most  numerous 
where  the  slope  of  the  beds  is  greatest. 

Assuming  the  cone  to  be  a  pile  of  volcanic  materials  ejected  by 
a  long  succession  of  eruptions  (a  point  on  which  all  geologists  are 
agreed),  we  have  to  account  for  the  Caldera  and  the  great  Barranco. 
I  conceive  that  the  cone  itself  may  be  explained,  in  accordance  with 
what  we  know  of  the  ordinary  growth  of  volcanos  *,  by  supposing 
most  of  the  eruptions  to  have  taken  place  from  one  or  more  central 
vents,  at  or  near  the  summit  of  the  cone,  before  it  was  truncated. 
From  tills  culminating  point,  sheets  of  lava  flowed  down  one  after 
the  other,  and  showers  of  ashes  or  ejected  stones.  The  volcano  may, 
in  the  earlier  stages  of  its  growth,  have  been  in  great  part  submerged, 
like  Stromboli,  in  the  sea ;  and,  therefore,  some  of  the  fragments  of 
rock  cast  out  of  its  crater  may  not  only  have  been  rolled  by  torrents 
sweeping  down  the  mountain's  side,  but  have  also  been  rounded  by 
the  waves  of  the  sea,  as  we  see  happen  on  the  beach  near  Catania,  on. 
which  the  modern  lavas  of  Etna  are  broken  up.  The  increased 
number  of  dikes,  as  we  approach  the  axis  of  the  cone,  agrees  well 
with  the  hypothesis  of  the  eruptions  having  been  most  frequent 
towards  the  centre. 

There  are  three  known  causes  or  modes  of  operation,  which  may 

♦  See  Principles,  chaps,  xxiv— xxvii. 
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have  conduced  towards  the  vast  size  of  the  Caldera.  First,  the 
summit  of  a  conical  mountain  may  have  fallen  in,  as  happened  in  the 
case  of  Capacurcu,  one  of  the  Andes,  according  to  tradition,  in  the 
year  1462,  and  of  many  other  volcanic  mountains.*  Sections  seem 
wanting,  to  supply  us  with  all  the  data  required  for  judging  fairly  of 
the  tenability  of  this  hypothesis.  It  appears,  however,  from  Captain 
Yidal's  survey  (see  ^g.  456.),  that  a  hill  of  considerable  height  rises 
up  from  the  bottom  of  the  Caldera,  the  structure  of  which,  if  it  be 
any  where  laid  open,  might  doubtless  throw  much  light  on  this 
subject.  Secondly,  an  original  crater  may  have  been  enlarged  by  a 
vast  gaseous  explosion,  never  followed  by  any  subsequent  eruption. 
A  serious  objection  to  this  theory  arises  from  our  not  finding  that  the 
exterior  of  the  cone  supports  a  mass  of  ruins,  such  as  ought  to  cover 
it,  had  so  enormous  a  volume  of  matter,  partly  made  up  of  the  solid 
contents  of  the  dikes,  been  blown  out  into  the  air.  In  that  case,  an 
extensive  bed  of  angular  fragments  of  stone,  and  of  fine  dust,  might 
be  looked  for,  enveloping  the  entire  exterior  of  the  mountain  up  to 
the  very  rim  of  the  Caldera,  and  ought  nowhere  to  be  intersected  by 
a  dike.  The  absence  of  such  a  formation  has  induced  Yon  Buch  to 
suppose  that  the  missing  portion  of  the  cone  was  engulphed.  It 
should,  however,  be  remembered,  that  in  existing  volcanos,  large 
craters,  two  or  three  miles  in  diameter,  are  sometimes  formed  by 
explosions,  or  by  the  discharge  of  great  volumes  of  steam. 

There  is  yet  another  cause  to  which  the  extraordinary  dimensions 
of  the  Caldera  may,  in  part  at  least,  be  owing;  namely,  aqueous 
denudation.  Von  Buch  has  observed,  that  the  existence  of  a  single 
deep  ravine,  like  the  Great  Barranco,  is  a  phenomenon  common  to 
many  extinct  volcanos,  as  well  as  to  some  active  ones.  Now,  it  will 
be  seen  by  Captain  Vidal's  map  (fig.  466.  p.  391.),  that  the  sea-cliff  at 
Point  Juan  Graje,  780  feet  high,  now  constituting  the  coast  at  the 
entrance  of  the  great  ravine,  is  continuous  with  an  inland  cliff  which 
bounds  the  same  ravine  on  its  north-western  side.  No  one  will  dis- 
pute that  the  precipice,  at  the  base  of  which  the  waves  are  now  beat- 
ing, owes  its  origin  to  the  undermining  power  of  the  sea.  It  is  natural, 
therefore,  to  attribute  the  extension  of  the  same  cliff  to  the  former 
action  of  the  waves,  exerted  at  a  time  when  the  relative  level  of  the 
island  and  the  ocean  were  different  from  what  they  are  now.  But 
if  the  waves  and  tides  had  power  to  remove  the  rocks  once  filling  a 
great  gorge  which  is  7  miles  long,  and,  in  its  upper  part,  2000  feet 
deep,  can  we  doubt  that  the  same  power  may  have  cleared  out  much 
of  the  solid  mass  now  missing  in  the  Great  Caldera  ? 

The  theory  advanced  to  account  for  the  configuration  of  Palma, 
commonly  called  the  '' elevation  crater  theory, '^  is  this.  All  the 
alternating  masses  of  basalt  and  conglomerate,  intersected  in  the 
Barranco,  or  abruptly  cut  off  in  the  escarpment  or  walls  of  the  Caldera, 
were  at  first  disposed  in  horizontal  masses  on  the  level  fioor  of  the 
ocean,  and  traversed,  when  in  that  position,  by  all  the  basaltic 
dikes  which  now  cut  through  them.     At  length  they  were  suddenly 

*  See  Principles,  chaps,  zxvi  and  xxx.;  8th  ed.  p.  397-475. 
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uplifted  by  the  explosive  force  of  elastic  Tapoars^  which  raised  the 
mass  bodilj,  so  as  to  tilt  the  beds  on  all  sides  awaj  from  the  centre 
of  elevation,  causing  at  the  same  time  an  opening  at  tbe  culminating 
poinL  Besides  manj  other  objections  which  may  be  urged  against 
this  hTpotheaiSy  it  leaves  unexplained  the  unbroken  continuity  of 
the  rim  of  the  Caldera,  which  is  uninterrupted  in  all  places  save  one*» 
namely,  that  where  the  great  gorge  or  Barranco  occurs. 

As  a  more  natural  way  of  explaining  the  phenomenon,  the  following 
series  of  events  may  be  imagined.  The  principal  vent,  from  which 
a  large  part  of  the  materials  of  the  cone  were  poured  or  thrown  out, 
was  left  empty  after  the  last  escape  of  vapour,  when  the  volcano 
became  extincL  We  learn  from  Mr.  Dana's  valuable  work  on  the 
geology  of  the  United  States'  Exploring  Expedition,  published  in  1849, 
that  two  of  the  principal  volcanos  of  the  Sandwich  Islands,  Mounts 
Loa  and  Kea  in  Owyhee,  are  huge  flattened  volcanic  cones,  16,000 
feet  high  (see  fig.  457.},  each  equalling  two  and  a  half  Etnas  in  their 
dimensions. 

Fi«.457. 


Mount  Loa,  in  Uie  Sandwich  Islands.    (Dana.) 
a.  Crater  at  ttie  sommlt.  h.  Tlie  lateral  crater  of  Kilauea. 

The  dotted  lines  indicate  a  supposed  colomn  of  solid  rock  caused  by  the  lara  consolidating 

after  eruptions. 

From  the  summits  of  these  lofty  though  featureless  hills,  afid  from 
vents  not  far  below  their  summits,  successive  streams  of  lava,  often 
2  miles  or  more  in  width,  and  sometimes  26  miles  long,  have  flowed. 
They  have  been  poured  out  one  after  the  other,  some  of  them  in 
recent  times,  in  every  direction  from  the  apex  of  the  cone,  down 
slopes  varying  on  an  average  from  4  degrees  to  8  degrees ;  but  at 
some  places  considerably  steeper.f  Sometimes  deep  rents  open  on 
the  sides  of  these  cones,  which  are  filled  by  streams  of  lava  passing 
over  them,  the  liquid  matter  in  such  cases  probably  uniting  in  the 
fissure  with  other  lava  melted  in  subterranean  reservoirs  below,  and 
thus  explaining  the  origin  of  one  great  class  of  lateral  dikes,  on  Etna, 
Palma,  and  other  cones. 

If  the  flattened  domes,  such  as  those  here  alluded  to  in  the  Sand- 
wich Islands,  instead  of  being  inland,  and  above  water,  were  situated 
in  mid-ocean,  like  the  Island  of  St.  Paul,  and  for  the  most  part  sub- 
merged (see  figs.  458,  459,  460.),  and  if  a  gradual  upheaval  of  such 
a  dome  should  then  take  place,  the  denuding  power  of  the  sea  could 
scarcely  fail  to  play  an  important  part  in  modifying  the  form  of  the 
volcanic  mountain  as  it  rose.  The  crater  will  almost  invariably  have 
one  side  much  lower  than  all  the  others,  namely,  that  side  towards 
which  the  prevailing  winds  never  blow,  and  to  which,  therefore,  showers 
of  dust  and  scoriae  are  rarely  carried  during  eruptions.  There  will  also 
be  one  point  on  this  windward  or  lowest  side  more  depressed  than  all 
the  rest,  by  which  the  sea  may  enter  as  often  as  the  tide  rises,  or  as  often 

•  Sec  Principles  of  Geol  ch.  xxir.  t  See  Lyell  on  Cratera  of  Denudation, 
(8th  ed.  p.  3d5.>  Quart.  G«ol  Jouni.  vol  vi  p.  238. 
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AS tbe  wiod  blows  from  that  qnarlor.  For  the  same  reason  that  the  sea 
continues  to  keep  open  a  single  entrance  into  the  lagoon  of  an  atoll 
or  annular  coral  reef,  it  will  not  allow  this  passage  into  the  crater  to 
be  stopped  up,  but  scoot  it  out,  at  low  tide,  or  as  often  as  the  wind 
changes.  The  channel,  therefore,  will  always  be  deepened  in  pro- 
portion as  the  island  rises  above  tbe  level  of  the  aem,  at  the  rate 
perhaps  of  a  few  feet  or  yards  in  a  century. 

The  island  of  St.  Panl  may  perhaps  be  motionless ;  but  if,  like  many 
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Fig.  460. 


Side  view  of  the  Island  of  St.  Paul  (N.B.  side).    Nine-pin  rocks  two  miles  distant. 

(Captain  Blackwood.) 

Other  parts  of  the  earth's  crust,  it  should  begin  to  undergo  a  gradual  up- 
heaval, or  if,  as  has  happened  to  the  shores  of  the  Bay  of  Baiae,  its  level 
should  oscillate,  with  a  tendency  upon  the  whole  to  increased  elevation, 
the  same  power  which  has  cut  away  part  of  the  cone,  and  caused  the 
cliffs  now  seen  on  the  north-east  side  of  the  island,  would  have  power 
to  undermine  the  walls  of  the  crater,  and  enlarge  its  diameter,  keep- 
ing open  the  channel,  bj  which  it  enters  into  it.  This  ravine  might 
be  excavated  to  the  depth  of  180  feet  (the  present  depth  of  the 
crater),  and  its  length  might  be  extended  to  manj  miles  according  to 
the  size  of  the  submerged  part  of  the  cone.  The  crater  is  only  a  mile  in 
diameter,  and  the  surrounding  cliffs,  where  loftiest,  only  800  feet  high, 
80  that  the  size  of  this  cone  and  crater  is  insignificant  when  compared 
to  those  in  the  Sandwich  Islands,  and  I  have  merely  selected  it 
because  it  affords  an  example  of  a  class  of  insular  volcanos,  into  the 
craters  of  which  the  sea  now  enters  by  a  single  passage.  The  crater 
of  Vesuvius  in  1822  was  2000  feet  deep ;  and  if  it  were  a  half  sub- 
merged cone,  like  St.  Paul,  the  excavating  power  of  the  ocean  might  in 
conjunction  with  gaseous  explosions  and  co-operating  with  a  gradual 
upheaving  force,  give  rise  to  a  caldera  on  as  grand  a  scale  as  that 
exhibited  by  Palma. 

If,  after  the  geographical  changes  above  supposed,  the  volcanic 
fires  long  dormant  should  recover  their  energy,  they  might,  as  in  the 
case  of  Teneriffe,  Vesuvius,  Santorin,  and  Barren  Island,  discharge 
from  the  old  central  vent,  long  sealed  up  at  the  bottom  of  the  caldera, 
new  floods  of  lava  and  clouds  of  elastic  vapours.  Should  this 
happen,  a  new  cone  will  be  built  up  in  the  middle  of  the  cavity  or 
circular  bay,  formed,  partly  by  explosion,  partly  perhaps  by  engulph- 
ment,  and  partly  by  aqueous  denudation.  In  the  island  of  Palma 
this  last  phase  of  volcanic  activity  has  never  occurred ;  but  the  sab- 
terranean  heat  is  still  in  full  operation  beneath  the  Canary  Talfin^g^ 
BO  that  we  know  not  what  future  changes  it  may  be  destiiied  to  un- 
dergo. 
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CHAPTER  XXX. 

ON  THE  DIFFERENT  AOE8  OF  THE  VOLCANIC  BOCKS. 

Tests  of  relative  age  of  Tolcanic  rocks — Test  bj  superposition  and  intnision — Dike 

of  Qoarrington  Hill,  Durham — Test  bj  alteration  of  rocks  in  contact Test  by 

organic  remains — Test  of  age  by  min^al  character — Test  by  included  fragments 
— Volcanic  rocks  of  the  Post-Fliocene  period — Basalt  of  Bay  of  Trezza  in  Sicily  •— 
Post-Fliocene  Tolcanic  rocks  near  Naples —  Dikes  of  Somma — Igneous  formations 
of  the  Newer  Pliocene  period — Val  di  Noto  in  Sicily. 

Havinq  referred  the  sedimentary  strata  to  a  long  succession  of  geo- 
logical periods,  we  have  next  to  consider  how  far  the  volcanic  form- 
ations can  be  classed  in  a  similar  chronological  order.  The  tests  of 
relative  age  in  this  class  of  rocks  are  four  :  —  lst»  superposition  and 
intrusion,  with  or  without  alteration  of  the  rocks  in  contact;  Sd, 
organic  remains ;  3d,  mineral  character  ;  4th,  included  fragments  of 
older  rocks. 

Tests  by  superposition^  S^e. — If  a  volcanic  rock  rest  upon  an 
aqueous  deposit,  the  former  must  be  the  newest  of  the  two,  but  the 
like  rule  does  not  hold  good  where  the  aqueous  formation  rests  upon 
the  volcanic,  for  melted  matter,  rising  from  below,  may  penetrate  a 
sedimentary  mass  without  reaching  the  surface,  or  may  be  forced  in 
conformably  between  two  strata,  as  6  at  d  in  the  annexed  figure  (fig. 
461.),  after  which  it  may  cool  down  and  consolidate.     Superposition, 

Fig.  461. 


therefore,  is  not  of  the  same  value  as  a  test  of  age  in  the  unst ratified 
volcanic  rocks  as  in  fossil! ferous  formations.  We  can  only  rely  im- 
plicitly on  this  test  where  the  volcanic  rocks  are  contemporaneous, 
not  where  they  are  intrusive.  Now  they  are  said  to  be  contempo- 
raneous if  produced  by  volcanic  action,  which  was  going  on  simul- 
taneously with  the  deposition  of  the  strata  with  which  they  are  asso- 
ciated. Thus  in  the  section  at  d  (fig.  461.),  we  may  perhaps  ascertain 
that  the  trap  b  fiowed  over  the  fossiliferous  bed  c^  and  that,  after 
its  consolidation,  a  was  deposited  upon  it,  a  and  c  both  belonging  to 
the  same  geological  period.  But  if  the  stratum  a  be  altered  by  b  at 
the  point  of  contact,  we  must  then  conclude  the  trap  to  have  been 
intrusive,  or  if,  in  pursuing  b  for  some  distance,  we  find  at  length 
that  it  cuts  through  the  stratum  a,  and  then  overlies  it  as  at  e. 

We  may,  however,  be  easily  deceived  in  supposing  a  volcanic  rock 
to  be  intrusive,  when  in  reality  it  is  contemporaneous  ;  for  a  sheet  of 
lava,  as  it  spreads  over  the  bottom  of  the  sea,  cannot  rest  every  where 
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upon  the  same  Btratum,  either  because  theee  have  beeo  denuded,  or 
because,  if  newly  thrown  down,  they  thtn  out  in  certain  places,  thus 
allowing  the  lava  to  cross  their  edges.  Besides,  the  heavy  igneous 
fluid  will  oftenj  as  it  moves  along,  cut  a  channel  into  beds  of  soft 
mud  and  sand.  Suppose  the  snbm&rina 
lava  F  to  have  come  in  contact  in  this 
manner  with  the  strata  a,  b,  c,  and  that 
after  its  consolidation,  the  strata  d,  e,  are 
thrown  down  in  a  nearly  horizontal  po- 
sition, yet  so  as  to  lie  unconformably  to 
F,  the  appearance  of  subsequent  intru- 
sion will  here  be  complete,  although  the 
trap  is  in  fact  contemporaneous.  We  must  not,  therefore,  hastily 
infer  that  the  rock  f  is  intrusive,  unless  we  find  the  strata  if  or  e  to 
have  been  altered  at  their  junction,  as  if  by  heat. 

When  trap  dikes  were  described  in  the  preceding  chapter,  they 
were  shown  to  be  more  modem  than  all  the  strata  which  they  tra- 
Terae.  A  basaltic  dike  at  Quarrington  Hill,  near  Durham,  passes 
through  coal-measures,  the  strata  of  which  are  inclined,  and  shifted 
so  that  those  on  the  north  side  of  the  dike  are  24  feet  above  the  level 
of  the  corresponding  beds  on  the  south  side  (see  section,  fig.  463.). 


But  the  horizontal  beds  of  overlying  Red  Sandstone  and  Bbgnesian 
Limestone  are  not  cut  through  by  the  dike.  Now  here  the  coal- 
measures  were  not  only  deposited,  but  had  subsequently  been  dis- 
turbed, fissured,  and  shifted,  before  the  fluid  trap  now  forming  the 
dike  was  introduced  into  a  rent.  It  is  also  clear  that  some  of  the 
upper  edges  of  the  coal  strata,  together  with  the  upper  part  of  the 
dike,  had  been  subsequently  removed  by  denudation  before  the  lower 
New  Red  Sandstone  and  Magnesian  Limestone  were  superimposed. 
Even  in  this  case,  however,  although  the  date  of  the  volcanic  erup- 
tion is  brought  within  narrow  limits,  it  cannot  be  defined  with  pre- 
cision ;  it  may  have  happened  either  at  the  close  of  the  Carboniferous 
period,  or  early  in  that  of  the  Lower  New  Red  Sandstone,  or  betweeik 
these  two  periods,  when  the  state  of  the  animate  creation  and  the 
physical  geography  of  Europe  were  gradually  changing  from  the  tjpo 
of  the  Carboniferous  era  to  that  of  the  Permian. 
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The  test  of  age  by  superposition  is  strictly  applicable  to  all  stra- 
tified volcanic  tuffs,  according  to  the  rules  already  explained  in  the 
case  of  other  sedimentary  deposits.     (See  p.  96.) 

Test  of  age  by  organic  remains. — We  have  seen  how,  in  the 
vicinity  of  active  volcanos,  scorise,  pumice,  fine  sand,  and  fragments 
of  rock  are  thrown  up  into  the  air,  and  then  showered  down  upon  the 
land,  or  into  neighbouring  lakes  or  seas.  In  the  tuffs  so  formed 
shells,  corals,  or  any  other  durable  organic  bodies  which  may  happen 
to  be  strewed  over  the  bottom  of  a  lake  or  sea  will  be  imbedded,  and 
thus  continue  as  permanent  memorials  of  the  geological  period  when 
the  volcanic  eruption  occurred.  Tufaceous  strata  thus  formed  in  the 
neighbourhood  of  Vesuvius,  Etna,  Stromboli,  and  other  volcanos  now 
active  in  islands  or  near  the  sea,  may  give  information  of  the  relative 
age  of  these  tuffs  at  some  remote  future  period  when  the  fires  of  these 
mountains  are  extinguished.  By  such  evidence  we  can  distinctly  es- 
tablish, the  coincidence  in  age  of  volcanic  rocks,  and  the  different 
primary,  secondary,  and  tertiary  fossiliferous  strata  already  con- 
sidered. 

The  tuffs  now  alluded  to  are  not  exclusively  marine,  but  include, 
in  some  places,  freshwater  shells ;  in  others,  the  bones  of  terrestrial 
quadrupeds.  The  diversity  of  organic  remains  in  formations  of  this 
nature  is  perfectly  intelligible,  if  we  reflect  on  the  wide  dispersion  of 
ejected  matter  during  late  eruptions,  such  as  that  of  the  volcano  of 
Coseguina,  in  the  province  of  Nicaragua,  January  19.  1835.  Hot 
cinders  and  fine  scoriaB  were  then  cast  up  to  a  vast  height,  and 
covered  the  ground  as  they  fell  to  the  depth  of  more  than  10  feet, 
and  for  a  distance  of  8  leagues  from  the  crater  in  a  southerly 
direction.  Birds,  cattle,  and  wild  animals  were  scorched  to  death  in 
great  numbers,  and  buried  in  these  ashes.  Some  volcanic  dust  fell 
at  Chiapa,  upwards  of  1200  miles  to  windward  of  the  volcano,  a 
striking  proof  of  a  counter  current  in  the  upper  region  of  the  atmo- 
sphere ;  and  some  on  Jamaica,  about  700  miles  distant  to  the  north- 
east. In  the  sea,  also,  at  the  distance  of  1100  miles  from  the  point 
of  eruption.  Captain  Eden  of  the  Conway  sailed  40  miles  through 
fixating  pumice,  among  which  were  some  pieces  of  considerable  size.* 

Test  of  age  by  mineral  composition. — As  sediment  of  homo- 
geneous composition,  when  discharged  from  the  moiith  of  a  large 
river,  is  often  deposited  simultaneously  over  a  wide  space,  so  a  par- 
ticular kind  of  lava,  flowing  from  a  crater  during  one  eruption,  may 
spread  over  an  extensive  area;  as  in  Iceland  in  1783,  when  the 
melted  matter,  pouring  from  Skaptar  Jokul,  flowed  in  streams  in 
opposite  directions,  and  caused  a  continuous  mass,  the  extreme  points 
of  which  were  90  miles  distant  from  each  other.  This  enormous 
current  of  lava  varied  in  thickness  from  100  feet  to  600  feet,  and  in 
breadth  from  that  of  a  narrow  river  gorge  to  15  miles.t  Now,  if 
such  a  mass  should  afterwards  be  divided  into  separate  fr^ments  by 

*  Caldcleugh,  FhiL  Trans.  1836,  p.        f  See  Principles, /luier,  **  Skaptar  Jo- 
27.,  and  Official  Docoments  of  Nica-    koL" 
ragua. 
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denudation,  we  might  still  perhaps  identify  the  detached  portions  by 
their  similarity  in  mineral  composition.  Nevertheless,  this  test  will 
not  always  avail  the  geologist ;  for,  although  there  is  usually  a  pre- 
vailing character  in  lava  emitted  during  the  same  eruption,  and  even 
in  the  successive  currents  flowing  from  the  same  volcano,  still,  in 
many  cases,  the  different  parts  even  of  one  lava-stream,  or,  as  before 
stated,  of  one  continuous  mass  of  trap,  vary  so  much  in  mineral  com- 
position and  texture  as  to  render  these  characters  of  minor  import- 
ance when  compared  to  their  value  in  the  chronology  of  the  fossili- 
ferous  rocks. 

It  will,  however,  be  seen  in  the  description  which  follows,  of  the 
European  trap  rocks  of  different  ages,  that  they  had  often  a  peculiar 
lithological  character,  resembling  the  differences  before  remarked  as 
existing  between  the  modern  lavas  of  Vesuvius,  Etna,  and  Chili. 
(See  p.  378.) 

It  has  been  remarked  that  in  Auvergne,  the  Eifel,  and  other 
countries  where  trachyte  and  basalt  are  both  present,  the  trachytic 
rocks  are  for  the  most  part  older  than  the  basaltic.  These  rocks  do» 
indeed,  sometimes  alternate  partially,  as  in  the  volcano  of  Mont  Dor, 
in  Auvergne ;  but  the  great  mass  of  trachyte  occupies  in  general  an 
inferior  position,  and  is  cut  through  and  overflowed  by  basalt.  It 
can  by  no  means  be  inferred  that  trachyte  predominated  greatly  at 
one  period  of  the  earth's  history  and  basalt  at  another,  for  we  know 
that  trachytic  lavas  have  been  formed  at  many  successive  periods, 
and  are  still  emitted  from  many  active  craters ;  but  it  seems  that  in 
each  region,  where  a  long  series  of  eruptions  have  occurred,  the  more 
felspathic  lavas  have  been  first  emitted,  and  the  escape  of  the  more 
augitic  kinds  has  followed.  The  hypothesis  suggested  by  Mr.  Scrope 
may,  perhaps,  afford  a  solution  of  this  problem.  The  minerals,  he 
observes,  which  abound  in  basalt  are  of  greater  specific  gravity  than 
those  composing  the  felspathic  lavas  ;  thus,  for  example,  hornblende^ 
augite,  and  olivine  are  each  more  than  three  times  the  weight  of 
water ;  whereas  common  felspar,  albite,  and  Labrador  felspar,  have 
each  scarcely  more  than  2^  times  the  specific  gravity  of  water ;  and 
the  difference  is  increased  in  consequence  of  there  being  much  more 
iron  in  a  metallic  state  in  basalt  and  greenstone  than  in  trachyte  and 
other  felspathic  lavas  and  traps.  If,  therefore,  a  large  quantity  of 
rock  be  melted  up  in  the  bowels  of  the  earth  by  volcanic  heat,  the 
denser  ingredients  of  the  boiling  fiuid  may  sink  to  the  bottom,  and 
the  lighter  remaining  above  would  in  that  case  be  first  propelled  up- 
wards to  the  surface  by  the  expansive  power  of  gases.  Those  ma- 
terials, therefore,  which  occupied  the  lowest  place  in  the  subterranean 
reservoir  will  always  be  emitted  last,  and  take  the  uppermost  place  on 
the  exterior  of  the  earth's  crust. 

Test  by  included  fragments, — We  may  sometimes  discover  the 
relative  age  of  two  trap  rocks,  or  of  an  aqueous  deposit  and  the  trap 
on  which  it  rests,  by  finding  fragments  of  one  included  in  the  other, 
in  cases  such  as  those  before  alluded  to,  where  the  evidence  of  super- 
position alone  would  be  insufficient.     It  is  also  not  uncommon  to  find 


■I  I. -J 


POST-PLIOCENE  VOLCANIC   K0CK8. 


40X 


Ch.  XXX.] 

conglomeratet)  nlmoet  exclusively  composed  of  rolled  pebbles  of  trap, 
associated  with  stratified  rocks  in  the  neighbourhood  of  masses  of 
intrusive  trap.  If  the  pebbles  agree  generally  in  mineral  character 
with  the  latter,  we  are  then  enabled  to  determine  the  age  of  the  intru- 
aive  rock  by  knowing  that  of  the  foseiliferous  strata  associated  with 
the  conglomerate.  The  origin  of  such  conglomerates  is  explained  by 
observing  the  shingle  beaches  composed  of  trap  pebbles  in  modern 
volcanic  islands,  or  at  the  base  of  Etna. 

Post-Pliocene  Period  {including  the  Recent). — I  shall  now  select 
examples  of  contemporaneous  volcanic  rocks  of  successive  geological 
periods,  to  show  that  igneous  causes  have  been  in  activity  in  all  past 
ages  of  the  world,  and  that  they  have  been  ever  sliifcing  the  places 
where  they  have  broken  out  at  the  earth's  surface- 
One  portion  of  the  lavas,  toffs,  and  trap-dikes  of  Etna,  Vesuvius, 
and  the  Island  of  Ischia,  haa  been  produced  within  the  historical  era ; 
another,  and  a  far  more  considerable  part,  originated  at  times  imme- 
diately antecedent,  when  the  waters  of  the  Mediterranean  were 
already  inhabited  by  the  existing  species  of  testacea.  The  southern 
and  eastern  flanks  of  Etna  are  skirted  by  a  fringe  of  alternating  sedi- 
mentary and  volcanic  deposits,  of  submarine  origin,  as  at  Adcrn6, 
Trezzo,  and  other  places.  Of  sixty-five  species  of  fossil  shells  which 
I  procured  in  1828  from  this  formadon,  near  Trezza,  it  was  impos- 
sible to  distinguish  any  from  species  now  living  in  the  neighbouring 

The  Cyclopian  Islands,  called  hy  the  Sicilians  Dei  Faraglioni,  in 
the  sea  cliffs  of  which  these  beds  of  clay,  tuff,  and  associated  lava  are 
laid  open  to  view  are  situated  in  the  Bay  of  Trezza,  and  may  be  re- 


VlnoTibelilt 


garded  as  the  extremity  of  a  promontory  severed  from  the  main  land. 
Here  numerous  proofs  are  seen  of  submarine  eruptions,  by  which  the 
argillaceous  and  sandy  strata  were  invaded  and  cut  through,  and  tu- 
faceous  breccias  formed.     Inclosed  in  these  breccias  are  many  ango- 
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lar  and  hardened  fragmenta  of  laminated  clay  in  different  states  of 
alteratioQ  hj  heat,  and  intermixed  with  volcanic  sands. 

The  loftiest  of  the  Cjclopian  islets,  or  rather  rocks,  is  about  20O 
feet  in  hdght,  the  summit  being  formed  of  a  mass  of  stratified  clay, 
the  laminai  of  which  are  occasionally  subdivided  by  thin  arenaceous 
layers.  These  strata  dip  to  the  N.W.,  and  rest  on  a  mass  of  columnar 
lava  (see  fig.  464.)  in  which  the  tops  of  the  pillars  are  weathered, 
and  so  rounded  us  to  be  often  hemispherical.  In  some  places  in  the 
adjoining  and  lat^est  islet  of  the  group,  which  lies  to  the  north-east- 
ward of  that  represented  in  the  drawing  (fig.  464.),  tbe  overlying 
clay  has  been  greatly  altered,  and  hardened  by  the  igneous  rock,  and 
occasionally  contorted  in  the  most  extraordinary  manner ;  yet  the 
lamination  has  not  been  obliterated,  but,  on  the  contrary,  rendered 
much  more  conspicuous,  by  the  indurating  process. 

In  the  annexed  woodcut  (fig.  465.)  I  have  represented  a  portion  of 
the  altered  rock,  a  few  feet  square,  where  the  alternating  thin  laminse 
of  sand  and  clay  have  pot 
on  the  appearance  which 
we  often  observe  in  some  of 
the  moat  contorted  of  the 
metamorphic  schists. 

A  great  fissure,  running 
from  east  to  west,  nearly 
divides  this  larger  island 
into  two  parts,  and  lays  open 
its  internal  structure.  Id 
the  section  thus  exhibited, 
a  dike  of  lava  is  seen,  first 
cutting  through  an  older 
mass  of  lava,  and  then  pene* 
trating  the  superincumbent 
tertiary  strata.  In  one  place 
the  lava  ramifies  and  ter- 
minates in  thin  veins,  from 
a  few  feet  to  a  few  inches  in 
thickness.    (See  fig.  466.) 

The    arenaceous     lamins 
are  much  hardened  at  the 
point  of  contact,    and    the 
clays  are  converted  into  sili- 
CoD(orii<>Dior>trautnth<i>r(c«ortheCFcioi>iui       ccous  schist.     In  thls  island 
'*""'"■  the  altered  rocks  assume  a 

honeycombed  structure  on  their  weathered  surface,  singularly  con- 
trasted with  the  smooth  and  even  outline  which  the  same  beds  present 
in  their  usual  soft  and  yielding  state. 

Tbe  pores  of  the  lava  are  sometimes  coated,  or  entirely  filled,  with 
carbonate  of  lime,  ond  with  a  zeolite  resembling  analcime,  which  haa 
been  called  cyclopite.  The  latter  mineral  has  also  been  found  in 
small  fissures  traversing  the  altered  marl,  showing  that  the  same  nose 
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which  introduced  the  minerals  into  the  c&vities  of  the  lava,  whether 
we  suppose  sublimBtion  or  aqueous  iafiltration,  convened  it  also  into 
the  open  rente  of  the  contiguous  sedimentary  strata. 

PosC-FliactTU  formationi  near  Naples. — I  have  traced  in  the 
"  Principles  of  Geology  "  the  history  of  the  changes  which  the  vol- 
canic region  of  Campania  is  known  to  have  undergone  during  the 
last  2000  years.  Tlie  aggregate  effect  of  igneous  operations  during 
that  period  is  for  from  insignificant,  comprising  as  it  does  the 
formation  of  the  modern  cone  of  Vesuvius  since  the  year  79,  and  the 
production  of  several  minor  cones  in  lachia,  together  with  that  of 
Monte  NuoTO  in  the  year  1538.  Lava-currents  have  also  flowed 
upon  the  land  and  along  the  bottom  of  the  sea  —  volcanic  sand, 
pumice,  and  scoriie  have  been  showered  down  so  abundantly,  that 
whole  cities  were  buried — tracts  of  the  sea  have  been  filled  up  or 
converted  into  shoals — and  tufnceous  sediment  has  been  transported 
by  rivers  and  land-floods  to  the  sea.  There  are  also  proofs,  during 
the  same  recent  period,  of  a  permanent  alteration  of  the  relative 
levels  of  the  land  and  sea  in  several  places,  and  of  the  same  tract 
having,  near  Fuzzuoli,  been  alternately  upheaved  and  depressed  to 
the  amount  of  more  than  20  feet.  In  connection  with  these  con- 
vulsions, there  are  found,  on  the  shores  of  the  Bay  of  Baiee,  recent 
tufaceous  strata,  filled  with  articles  fabricated  by  the  hands  of  man, 
and  mingled  with  marine  shells. 

It  was  also  stated  in  this  work  (p.  113.),  that  when  we  examine 
this  same  region,  it  is  found  to  consist  largely  of  tufaceous  strata,  of 
a  date  anterior  to  human  history  or  tradition,  which  are  of  such 
thickness  as  to  constitute  hills  from  500  to  more  than  2000  feet  in 
height.  These  post-pliocene  strata,  containing  recent  marine  shells, 
alternate  with  distinct  currents  and  sheets  of  lava  which  were  of 
contemporaneous  origin ;  and  we  find  that  in  Vesuvius  itself,  the 
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ancient  cone  called  Somma  U  of  far  greater  Tolame  tban  the  modem 
cone,  and  is  intersected  by  a  far  greater  number  of  dikes.  In  con- 
trasting this  ancient  part  of  the  mountain  with  that  of  modem  date. 
one  principal  point  of  difference  is  observed ;  namely,  the  greater 
frequency  in  the  older  cone  of  fragments  of  altered  sedimentary 
rocks  ejected  during  eruptions.  We  may  easily  conceive  that  the 
first  explosions  would  act  with  the  greatest  Tiolence,  rending  and 
shattering  whatever  solid  masses  obstructed  the  escape  of  lava  and 
the  accompanying  gases^  so  that  great  heaps  of  ejected  pieces  of  Tt>ck 
would  naturally  occur  in  the  tufaceons  breccias  formed  by  the  earliest 
eruptions.  But  when  a  passage  had  once  been  opened  and  an 
habitual  vent  established,  the  materials  thrown  out  would  consist  of 
liquid  lava,  which  would  take  the  form  of  sand  and  scorise,  or  of 
angular  fragments  of  such  solid  lavas  as  may  have  choked  ap  the 
vent. 

Among  the  fragments  which  abound  in  the  tufaceous  breccias  of 
Somma,  none  are  more  common  than  a  saccharoid  dolomite,  supposed 
to  have  been  derived  from  an  ordinary  limestone  altered  by  heat  and 
volcanic  vapours. 

Carbonate  of  lime  enters  into  the  composition  of  so  many  of  the 
simple  minerals  found  in  Somma,  that  M.  Mitscherlich,  with  much 
probability,  ascribes  their  great  variety  to  the  action  of  the  volcanic 
heat  on  subjacent  masses  of  limestone. 

Dikes  of  Somma, —  The  dikes  seen  in  the  great  escarpment  which 
Somma  presents  towards  the  modem  cone  of  Vesuvius  are  veiy 
numerous.  They  are  for  the  most  part  vertical,  and  traverse  at 
right  angles  the  beds  of  lava,  scorise,  volcanic  breccia,  and  sand,  of 
which  the  ancient  cone  is  composed.  They  project  in  relief  several 
inches,  or  sometimes  feet,  from  the  face  of  the  diff,  being  extremely 
compact,  and  less  destructible  than  the  intersected  iutb  and  porous 
lavas.  In  vertical  extent  they  vary  from  a  few  yards  to  500  feet, 
and  in  breadth  from  1  to  12  feet.  Many  of  them  cut  all  the  inclined 
beds  in  the  escarpment  of  Somma  from  top  to  bottom,  others  stop 
short  before  they  ascend  above  half  way,  and  a  few  terminate  at  both 
ends,  either  in  a  point  or  abruptly.  In  mineral  composition  they 
scarcely  differ  from  the  lavas  of  Somma,  the  rock  consisting  of  a 
base  of  leucite  and  augite,  through  which  large  crystals  of  augite 
and  some  of  leucite  are  scattered.*  Examples  are  not  rare  of  one 
dike  cutting  through  another,  and  in  one  instance  a  shift  or  fault  is 
seen  at  the  point  of  intersection. 

In  some  cases,  however,  the  rents  seem  to  have  been  filled  laterally, 
when  the  walls  of  the  crater  had  been  broken  by  star-shaped  cracks, 
as  seen  in  the  accompanying  wood-cut  (fig.  467.).  But  the  shape  of 
these  rents  is  an  exception  to  the  general  rule  ;  for  nothing  is  more 
remarkable  tban  the  usual  parallelism  of  the  opposite  sides  of  the 
dikes,  which  correspond  almost  as  regularly  as  the  two  opposite  faces 

*  Consult  the  valuable  memoir  of  M.  et  d'Hist  Nat  de  Gendve,  tom.  ii.  pait  L 
L  A  Nccker,  Mem.  de  la  Soc  de  FhTs.    Nov.  1822. 
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DIkei  or  Teins  at  the  Punto  del  Natoae  on  Somnuu    (Necker.*) 

of  a  wall  of  masonrj.  This  character  appears  at  first  the  more  inex- 
plicable, when  we  consider  how  jagged  and  uneven  are  the  rents 
caused  by  earthquakes  in  masses  of  heterogeneous  composition,  like 
those  composing  the  cone  of  Somma.  In  explanation  of  this  phe- 
nomenon, M.  Necker  refers  us  to  Sir  W.  Hamilton's  account  of  an 
eruption  of  Vesuvius  in  the  year  1779,  who  records  the  following 
facts:  —  "The  lavas,  when  they  either  boiled  over  the  crater,  or 
broke  out  from  the  conical  parts  of  the  volcano,  constantly  formed 
channels  as  regular  as  if  they  had  been  cut  by  art  down  the  steep 
part  of  the  mountain ;  and,  whilst  in  a  state  of  perfect  fusion,  con- 
tinued their  course  in  those  channels,  which  were  sometimes  full  to 
the  brim,  and  at  other  times  more  or  less  so,  according  to  the  quantity 
of  matter  in  motion. 

"  These  channels,  upon  examination  after  an  eruption,  I  have 
found  to  be  in  general  from  two  to  five  or  six  feet  wide,  and  seven  or 
eight  feet  deep.  They  were  often  hid  from  the  sight  by  a  quantity 
of  scorisB  that  had  formed  a  crust  over  them ;  and  the  lava,  having 
been  conveyed  in  a  covered  way  for  some  yards,  came  out  fresh 
again  into  an  open  channel.  After  an  eruption,  I  have  walked  in 
some  of  those  subterraneous  or  covered  galleries,  which  were  ex- 
ceedingly curious,  the  sides,  top,  and  bottom  being  worn  perfectly 
smooth  and  even  in  most  parts,  by  the  violence  of  the  currents  of  the 
the  red-hot  lavas  which  they  had  conveyed  for  many  weeks  suc- 
cessively." f 

Now,  the  walls  of  a  vertical  fissure,  through  which  lava  has 
ascended  in  it«  way  to  a  volcanic  vent,  must  have  been  exposed  to 
the  same  erosion  as  the  sides  of  the  channels  before  adverted  to. 
The  prolonged  and  uniform  friction  of  the  heavy  fluid,  as  it  is  forced 
and  made  to  flow  upwards,  eannot  fail  to  wear  and  smooth  down  the 
surfaces  on  which  it  rubs,  and  the  intense  heat  must  melt  all  such 
masses  as  project  and  obstruct  the  passage  of  the  incandescent  fluid. 

"  *  From  a  drawing  of  M.  Necker,  in        f  Phil.  Trana,  vollzx.,  1780. 
M6m.  above  cited. 
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The  texture  of  the  Yesuvian  dikes  is  different  at  the  edges  and  in 
the  middle.  Towards  the  centre,  observes  M.  Necker,  the  rock  is 
lai^er  grained,  the  component  elements  being  in  a  far  more  crys- 
talline state ;  while  at  the  edge  the  lava  is  sometimes  vitreous,  and 
always  finer  grained.  A  thin  parting  band,  approaching  in  its 
character  to  pitchstone,  occasionally  intervenes,  on  the  contact  of  the 
vertical  dike  and  intersected  beds.  M.  Necker  mentions  one  of  these 
at  the  place  called  Primo  Monte,  in  the  Atrio  del  Cavallo ;  and  when 
on  Somma,  in  1828,  I  saw  three  or  four  others  in  different  parts  of 
the  great  escarpment.  These  phenomena  are  in  perfect  harmony 
with  the  results  of  the  experiments  of  Sir  James  Hall  and  Mr. 
Gregory  Watt,  which  have  shown  that  a  glassy  texture  is  the  effect 
of  sudden  cooling,  and  that,  on  the  contrary,  a  crystalline  grain  is 
produced  where  fused  minerals  are  allowed  to  consolidate  slowly  and 
tranquilly  under  high  pressure. 

It  is  evident  that  the  central  portion  of  the  lava  in  a  fissure  would, 
during  consolidation,  part  with  its  heat  more  slowly  than  the  sides, 
although  the  contrast  of  circumstances  would  not  be  so  great  as  when 
we  compare  the  lava  at  the  bottom  and  at  the  surface  of  a  current 
flowing  in  the  open  air.  In  this  case  the  uppermost  part,  where  it 
has  been  in  contact  with  the  atmosphere,  and  where  refrigeration  has 
been  most  rapid,  is  always  found  to  consist  of  scoriform,  vitreous, 
and  porous  lava ;  while  at  a  greater  depth  the  mass  assumes  a  more 
lithoidal  structure,  and  then  becomes  more  and  more  stony  as  we 
descend,  until  at  length  we  are  able  to  recognize  with  a  magnifying 
glass  the  simple  minerals  of  which  the  rock  is  composed.  On  pene- 
trating still  deeper,  we  can  detect  the  constituent  parts  by  the  naked 
eye,  and  in  the  Yesuvian  currents  distinct  crystals  of  augite  and 
leucite  become  apparent. 

The  same  phenomenon,  observes  M.  Necker,  may  readily  be  ex- 
hibited on  a  smaller  scale,  if  we  detach  a  piece  of  liquid  lava  from 
a  moving  current.  The  fragment  cools  instantly,  and  we  find  the 
surface  covered  with  a  vitreous  coat,  while  the  interior,  although 
extremely  fine-grained,  has  a  more  stony  appearance. 

It  must,  however,  be  observed,  that  although  the  lateral  portions 
of  the  dikes  are  finer  grained  than  the  central,  yet  the  vitreous 
parting  layer  before  alluded  to  is  rare  in  Vesuvius.  This  may, 
perhaps,  be  accounted  for,  as  the  above-mentioned  author  suggest, 
by  the  great  heat  which  the  walls  of  a  fissure  may  acquire  before 
the  fluid  mass  begins  to  consolidate,  in  which  case  the  lava,  even  at 
the  sides,  would  cool  very  slowly.  Some  fissures,  also,  may  be 
filled  from  above,  as  frequently  happens  in  the  volcanos  of  the 
Sandwich  Islands,  according  to  the  observations  of  Mr.  Dana ;  and  in 
this  case  the  refrigeration  at  the  sides  would  be  more  rapid  than 
when  the  melted  matter  flowed  upwards  from  the  volcanic  foci,  in  an 
intensely  heated  state.  Mr.  Darwin  informs  me  than  in  St.  Helena 
almost  every  dike  has  a  vitreous  selvage. 

The  rock  composing  the  dikes  both  in  the  modem  and  ancient 
part  of  Vesuvius  is  far  more  compact  than  that  of  ordinary  lava,  for 
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the  pressure  of  a  column  of  melted  matter  in  a  fissure  greatly  exceeds 
that  in  an  ordinary  stream  of  lava;  and  pressure  checks  the  ex- 
pansion of  those  gases  which  give  rise  to  vesicles  in  lava. 

There  is  a  tendency  in  almost  all  the  Yesuvian  dikes  to  divide  into 
horizontal  prisms,  a  phenomenon  in  accordance  with  the  formation  of 
vertical  columns  in  horizontal  beds  of  lava;  for  in  both  cases  the 
divisions  which  give  rise  to  the  prismatic  structure  are  at  right 
angles  to  the  cooling  surfaces. 

Newer  Pliocene  Period — Vol  di  Noto. — I  have  already  alluded 
(see  p.  150.)  to  the  igneous  rocks  which  are  associated  with  a  great 
marine  formation  of  limestone,  sand,  and  marl,  in  the  southern  part 
of  Sicily,  as  at  Vizzini  and  other  places.  In  this  formation,  which 
was  shown  to  belong  to  the  Newer  Pliocene  period,  large  beds  of 
oysters  and  corals  repose  upon  lava^  and  are  unaltered  at  the  point  of 
contact.  In  other  places  we  find  dikes  of  igneous  rock  intersecting 
the  fossiliferous  beds,  and  converting  the  clays  into  siliceous  schist, 
the  laminsB  being  contorted  and  shivered  into  innumerable  fragments 
at  the  junction,  as  near  the  town  of  Yizzini. 

The  volcanic  formations  of  the  Val  di  Noto  usually  consist  of  the 
most  ordinary  variety  of  basalt,  with  or  without  olivine.  The  rock 
is  sometimes  compact,  often  very  vesicular.  The  vesicles  are  oc- 
casionally empty,  both  in  dikes  and  currents,  and  are  in  some  localities 
filled  with  calcareous  spar,  arragonite,  and  zeolites.  The  structure 
is,  in  some  places,  spheroidal ;  in  others,  though  rarely,  columnar.  I 
found  dikes  of  amygdaloid,  wack6,  and  prismatic  basalt,  intersecting 
the  limestone  at  the  bottom  of  the  hollow  called  Gozzo  degli  Martiri, 
below  Melilli. 

Dikes. — Dikes  of  vesicular  and  amygdaloidal  lava  are  also  seen 
traversing  marine  tuff  or  peperino,  west  of  Palagonia,  some  of  the 
pores  of  the  lava  being  empty,  while  others  are  filled  with  carbonate 
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Ground-plan  of  diket  near  Palagonla. 

a.  Lava. 

b,  Peperino,  consisting  of  volcanic  tand,  mixed  witli 

fragmentt  of  lava  and  limestone. 


of  lime.  In  such  cases,  we  may  suppose  the  peperino  to  have  re- 
sulted from  showers  of  volcanic  sand  and  scoriae,  together  with  frag- 
ments of  limestone,  thrown  out  by  a  submarine  explosion,  similar  to 
that  which  gave  rise  to  Graham  Island  in  1831.     When  the  mass 
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was,  to  a  certain  degree,  consolidated,  it  may  have  been  rent  open, 
so  that  the  lava  ascended  through  fissures,  the  walls  of  which  were 
perfectly  even  and  paralleL  After  the  melted  matter  that  filled  the 
rent  in  fig.  468.  had  cooled  down,  it  must  have  been  fractured  and 
shifted  horizontally  by  a  lateral  movement. 

In  the  second  figure  {fig,  469.),  the  lava  has  more  the  appearance 
of  a  vein  which  forced  its  way  through  the  peperino.  It  is  highly 
probable  that  similar  appearances  would  be  seen,  if  we  could  examine 
the  floor  of  the  sea  in  that  part  of  the  Mediterranean  where  the  waves 
have  recently  washed  away  the  new  volcanic  island ;  for  when  a 
superincumbent  mass  of  ejected  fragments  has  been  removed  by 
denudation,  we  may  expect  to  see  sections  of  dikes  traversing  tuff,  or, 
in  other  words,  sections  of  the  channels  of  communication  by  which 
the  subterranean  lavas  reached  the  surface. 


CHAPTER  XXXL 

ON  THE  DIFFERENT  AGES  OF   THE   VOLCANIC  ROCEIS  —  Continued. 

Volcanic  rocks  of  the  Older  Fliooene  period  —  Tuscany — Borne  ^Volcanic  region 
of  Olot  in  Catalonia — Cones  and  laTa-corrents — Ravines  and  ancient  grayel-beds 
— Jets  of  air  called  Bafadors — Age  of  the  Catalonian  volcanos — Miocene  period 
— Brown-coal  of  the  Eifel  and  contemporaneous  trachytic  breccias — Age  of  thfi 
brown-coal — Peculiar  characters  of  the  Yolcanos  of  the  upper  and  lower  Eifel— 
Lake  craters — Trass — Hungarian  yolcanos. 

Older  Pliocene  period — Tttscany. — In  Tuscany,  as  at  Radicofani, 
Viterbo,  and  Aquapendente,  and  in  the  Campagna  di  Roma, 
submarine  volcanic  tuffs  are  interstratified  with  the  Older  Pliocene 
strata  of  the  Subapennine  hills,  in  such  a  manner  as  to  leave  no 
doubt  that  thej  were  the  products  of  eruptions  which  occurred  when 
the  shellj  marls  and  sands  of  the  Subapennine  hills  were  in  the 
course  of  deposition. 

Catalonia,  —  Geologists  are  far  from  being  able,  as  jet,  to  assign 
to  each  of  the  volcanic  groups  scattered  over  Europe  a  precise 
chronological  place  in  the  tertiary  series ;  but  I  shall  describe  here, 
as  probably  referable  to  some  part  of  the  Pliocene  period,  a  district 
of  extinct  volcanos  near  Olot,  in  the  north  of  Spain,  which  is  little 
known,  and  which  I  visited  in  the  summer  of  1830. 

The  whole  extent  of  country  occupied  by  volcanic  products  in 
Catalonia  is  not  more  than  fifteen  geographical  miles  from  north  to 
south,  and  about  six  from  east  to  west.  The  vents  of  eruption 
range  entirely  within  a  narrow  band  running  north  and  south;  and 
the  branches,  which  are  represented  as  extending  eastward  in  the 
map,  are  formed  simply  of  two  lava-streams — those  of  Castell  Follit 
and  Cellent. 
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Dr.  Maclure,  the  American  geologist,  was  the  first  vho  made 
known  the  existence  of  these  volcanoB*;  and,  according  to  bia 
description,  the  volcanic  region  extended  over  twenty  square  leagues, 
from  Amer  to  Massanet.  I  searched  in  vain  in  the  environs  of 
Massonet,  in  the  Pyrenees,  for  traces  of  a  lava-current ;  and  I  can 
say,  with  confidence,  that  the  adjoining  map  gives  a  correct  view  of 
the  true  area  of  the  volcanic  action. 

Geological  structure  of  the  dutricL  —  The  eruptions  have  burst 
entirely  through  foBsiliferous  rocks,  composed  in  great  part  of  gK7 
and  greenish  sandstone  and  conglomerate,  with  some  thick  beds  of 
nnmmulitic  limestone.  The  conglomerate  contains  pebbles  of  quarts, 
limestone,  and  Lydian  stone.  This  system  of  rocks  is  very  exten- 
sively spread  throughout  Catalonia  ;  one  of  its  members  being  a  red 
sandstone,  to  which  tbe  celebrated  salt-rock  of  Cardona,  nsballj 
considered  as  of  the  cretaceous  era,  is  subordinate. 

Neur  Amer,  in  the  Valley  of  the  Ter,  on  the  southern  borders  of 
the  region  delineated  in  the  map,  primary  rocks  are  seen,  consisting 
of  gneiss,  mica-schist,  and  clay-slate.  They  run  in  a  line  nearly 
parallel  to  tbe  I^renees,  and  throw  off  the  fossiliferoua  strata  from 
their  flanks,  causing  them  to  dip  to  the  north  and  north-west.     This 
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dip,  which  ia  towards  the  Pyrenees,  is  connected  with  a  distinct  axis 
of  elevation,  and  prevails  through  the  whole  area  described  in  the 
map,  the  inclination  of  the  beds  being  sometimes  at  an  angle  of 
between  40  and  50  degrees- 
It  is  evident  that  the  physical  geography  of  the  country  has  under- 
gone no  material  change  siace  the  commencement  of  the  era  of  the 
volcanic  eruptions,  except  such  as  has  resulted  from  tlic  introductioa 
of  new  hills  of  scoHoe,  and  currents  of  lava  upon  the  surface.  If  the 
lavas  could  he  remelted  and  poured  out  again  from  their  respective 
craters,  they  would  descend  the  same  valleys  in  which  they  are  now 
seen,  and  re-occupjr  the  spaces  which  they  at  present  fill.  The  only 
difference  in  the  external  configuration  of  the  fresh  lavas  would  consist 
in  this,  that  they  would  nowhere  be  intersected  by  raTines,  or  exliibit 
marks  of  erosion  by  running  water. 

Volcanic  cones  and  lavas.  —  There  are  about  fourteen  distinct 
cones  with  craters  in  this  part  of  Spain,  besides  several  points  whence 
lavas  may  have  issued ;  all  of  them  arranged  along  a  narrow  line 
running  north  and  south,  as  will  be  seen  in  the  map.  The  greatest 
numbei'  of  perfect  cones  are  in  the  immediate  neighbourhood  of  Olot, 
some  of  which  (Nob.  2,  3.  and  5.)  are  represented  in  the  annexed 
woodcut ;  and  the  level  plain  on  which  that  town  stands  ha«  clearly 
been  produced  by  the  flowing  down  of  many  lava-streams  from  those 
hills  into  the  bottom  of  a  valley,  probably  once  of  considerable  depth, 
like  those  of  the  surrounding  country. 

Fi(.  471. 


In  this  drawing  an  attempt  is  made  to  represent,  by  the  shading  of 

the  landscape,  the  different  geological  formations  of  which  the  country 

is  composed.*     The  white  line  of  mountains  (No.  1.)  in  the  distftnce 

*  Thif  view  is  taken  from  a  sketch  nhkh  I  made  on  (he  spot  in  1830. 
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is  the  Pyrenees,  which  are  to  the  north  of  the  spectator,  and  consist 
of  hypogene  and  ancient  fossiliferous  rocks.  In  front  of  these  are 
the  fossiliferous  formations  (No.  4.),  which  are  in  shade.  The  hills 
2,  3.  5.  are  volcanic  cones,  and  the  rest  of  the  ground  on  which  the 
sunshine  falls  is  strewed  over  with  volcanic  ashes  and  lava. 

The  Fluvia,  which  flows  near  the  town  of  Olot,  has  cut  to  the 
depth  of  only  40  feet  through  the  lavas  of  the  plain  before  mentioned. 
The  bed  of  the  river  is  hard  basalt ;  and  at  the  bridge  of  Santa  Madalena 
are  seen  two  distinct  lava-currents,  one  above  the  other,  separated 
by  a  horizontal  bed  of  scoriae  8  feet  thick. 

In  one  place,  to  the  south  of  Olot,  the  even  surface  of  the  plain  is 
broken  by  a  mound  of  lava,  called  the  "  Bosque  de  Tosca,"  the  upper 
part  of  which  is  scoriaceous,  and  covered  with  enormous  heaps  of 
fragments  of  basalt  more  or  less  porous.  Between  the  numerous 
hummocks  thus  formed  are  deep  cavities,  having  the  appearance  of 
small  craters.  The  whole  precisely  resembles  some  of  the  modern 
currents  of  Etna,  or  that  of  Come,  near  Clermont ;  the  last  of  which, 
like  the  Bosque  de  Tosca,  supports  only  a  scanty  vegetation. 

Most  of  the  Catalonian  volcanos  are  as  entire  as  those  in  the 
neighbourhood  of  Naples,  or  on  the  flanks  of  Etna.  One  of  these, 
called  Montsacopa  (No.  3.  fig.  471.),  is  of  a  very  regular  form,  and 
has  a  circular  depression  or  crater  at  the  summit.  It  is  chiefly  made 
up  of  red  scoriae,  undistinguishable  from  that  of  the  minor  cones  of 
Etna.  The  neighbouring  hills  of  Olivet  (No.  2.)  and  Garrinada 
(No.  5.)  are  of  similar  composition  and  shape.  The  largest  crater 
of  the  whole  district  occurs  farther  to  the  east  of  Olot,  and  is  called 
Santa  Margarita.  It  is  455  feet  deep,  and  about  a  mile  in  circum- 
ference. Like  Astroni,  near  Naples,  it  is  richly  covered  with  wood, 
wherein  game  of  various  kinds  abounds. 

Although  the  volcanos  of  Catalonia  have  broken  out  through 
sandstone,  shale,  and  limestone,  as  have  those  of  the  Eifel,  in  Ger- 
many, to  be  described  in  the  sequel,  there  is  a  remarkable  diflerence 
in  the  nature  of  the  ejections  composing  the  cones  in  these  two 
regions.  In  the  Eifel,  the  quantity  of  pieces  of  sandstone  and  shale 
thrown  out  from  the  vents  is  often  so  immense  as  far  to  exceed  in 
volume  the  scoriae,  pumice,  and  lava ;  but  I  sought  in  vain  in  the 
cones  near  Olot  for  a  single  fragment  of  any  extraneous  rock  ;  and 
Don  Francisco  Bolos,  an  eminent  botanist  of  Olot,  informed  me  that 
he  had  never  been  able  to  detect  any.  Volcanic  sand  and  ashes  are 
not  confined  to  the  cones,  but  have  been  sometimes  scattered  by  the 

wind  over  the  country,  and  drifted 
into  narrow  valleys,  as  is  seen  be- 
tween Olot  and  Cellent,  where  the 
annexed  section  {^g.  472.)  is  ex- 
posed. The  light  cindery  volcanic 
matter  rests  in  thin  regular  layers, 
just  as  it  alighted  on  the  slope 
Secondary  conglomerate.  formed  by  the  soUd  Conglomerate. 

*.  Thin  seam*  of  Tolcanic  sand  and  »corl«.    jq-^  f^^^  ^^yj^  j^j^^^  paSSed  through 
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the  valley  since  the  scorias  fell,  or  these  would  have  been  for  the 
most  part  removed. 

The  currents  of  lava  in  Catalonia,  like  those  of  Auvergne,  the 
Yivarais,  Iceland,  and  all  mountainous  countries,  are  of  considerable 
depth  in  narrow  defiles,  but  spread  out  into  comparatively  thin  sheets 
in  places  where  the  valleys  widen.  If  a  river  has  flowed  on  nearly 
level  ground,  as  in  the  great  plain  near  Olot,  the  water  has  only 
excavated  a  channel  of  slight  depth ;  but  where  the  declivity  is  great, 
the  stream  has  cut  a  deep  section,  sometimes  by  penetrating  directly 
through  the  central  part  of  a  lava-current,  but  more  frequently  by 
passing  between  the  lava  and  the  secondary  rock  which  bounds  the 
valley.  Thus,  in  the  accompaning  section,  at  the  bridge  of  Cellent, 
six  miles  east  of  Olot,  we  see  the  lava  on  one  side  of  the  small  stream ; 
while  the  inclined  stratified  rocks  constitute  the  channel  and  opposite 
bank.  The  upper  part  of  the  lava  at  that  place,  as  is  usual  in  the 
currents  of  Etna  and  Vesuvius,  is  scoriaceous ;  farther  down  it  be- 
comes less  porous,  and  assumes  a  spheroidal  structure ;  still  lower  it 

Fig.  473. 


a.  Scoriaceous  Uya. 

b.  Schistose  basalt. 

c.  Columnar  basalt. 


Section  abore  the  bridge  of  Cellent. ' 

d.  Scoria.  vegeUble  soil,  and  alluTittm. 

e.  Nummulitic  limestone. 

/.  Micaceous  grey  sandstone. 


divides  in  horizontal  plates,  each  about  2  inches  in  thickness,  and 
is  more  compact.  Lastly,  at  the  bottom  is  a  mass  of  prismatic  basalt 
about  5  feet  thick.  The  vertical  columns  often  rest  immediately 
on  the  subjacent  secondary  rocks ;  but  there  is  sometimes  an  inter- 
vention of  such  sand  and  scoriae  as  cover  the  country  during  volcanic 
eruptions,  and  which  when  unprotected,  as  here,  by  superincumbent 
lava,  is  washed  away  from  the  surface  of  the  land.  Sometimes,  the 
bed  d  contains  a  few  pebbles  and  angular  fragments  of  rock  ;  in 
other  places  fine  earth,  which  may  have  constituted  an  ancient  veget- 
able soiL 

In  several  localities,  beds  of  sand  and  ashes  are  interposed  be- 
tween the  lava  and  subjacent  stratified  rock,  as  may  be  seen  if  we 
follow  the  course  of  the  lava-current  which  descends  from  Las  Planas 
towards  Amer,  and  stops  two  miles  short  of  that  town.  The  river 
there  has  often  cut  through  the  lava,  and  through  18  feet  of  under- 
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lying  limestone.  Occasionally  an  alluvium,  several  feet  thick,  is 
interspersed  between  the  igneoos  aod  marine  fonnation ;  and  it  is 
interesting  to  remark  that  in  this,  as  in  other  beds  of  pebbles  occupy- 
ing a  similar  position,  there  are  no  rounded  fragments  of  lava ; 
whereas  in  the  most  modem  gravel-beds  of  rivers  of  this  country, 
volcanic  pebbles  are  abundanL 

The  deepest  excavation  made  by  a  river  through  lava,  which  I 
observed  in  this  part  of  Spain,  is  that  seen  in  the  bottom  of  a  valley 
near  San  Feliu  de  Pallerdls,  opposite  the  Castell  de  Stolles.  The 
lava  there  has  filled  up  the  bottom  of  a  valley,  and  a  narrow  ravine 
has  been  cat  through  it  to  the  depth  of  100  feet.  In  the  lower  part 
the  lava  has  a  colnmnar  slmcture.  A  great  number  of  ages  were 
probably  required  for  the  erosion  of  so  deep  a  ravine ;  but  we  have 
no  reason  to  infer  that  this  current  is  of  higher  antiquity  than 
those  of  the  plain  near  Olot.  The  fall  of  the  ground,  and  consequent 
velocity  of  the  stream,  being  in  this  case  greater,  a  more  considerable 
volume  of  rock  may  have  been  removed  in  the  same  time. 


I  shall  describe  one  more  section  to  elucidate  the  phenomena  of 
this  district.  A  lava-stream,  flowing  from  a  ridgp  of  hills  on  the 
east  of  Otot,  descends  a  considerable  slope,  until  it  reaches  the  valley 
of  the  river  Fluvia.  Here,  for  the  first  time,  it  comes  in  contact 
with  running  water,  which  has  removed  a  portion,  and  laid  open  its 
internal  structure  in  a  precipice  about  130  feet  in  height,  at  the  edge 
of  which  stands  the  town  of  Castell  Follit. 

By  the  junction  of  the  rivers  Fluvia  and  Teronel,  the  mass  of  lava 
has  been  cut  anay  on  two  sides  ;  and  the  insular  rock  b  (Bg.  474.) 
has  been  left,  which  was  probably  never  so  high  as  the  cliff  a,  as  it 
may  have  constituted  the  lower  part  of  the  sloping  side  of  the  original 
current. 

From  an  examination  of  the  rerlical  cliffs,  it  appears  that  the 
upper  part  of  the  lava  on  which  the  town  is  built  is  sconac^us, 
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passing  downwards  into  a  spheroidal  basalt;  some  of  the  huge 
spheroids  being  no  less  than  6  feet  in  diameter.  Below  this  is  a 
more  compact  basalt,  with"  crystals  of  olivine.  There  are  in  all  five 
distinct  ranges  of  basalt,  the  uppermost  spheroidal,  and  the  rest 
prismatic,  separated  by  thinner  beds  not  columnar,  and  some  of 
which  are  schistose.  These  were  probably  formed  by  successive 
flows  of  lava,  whether  during  the  same  eruption  or  at  different 
periods.  The  whole  mass  rests  on  alluvium,  ten  or  twelve  feet  in 
thickness,  composed  of  pebbles  of  limestone  and  quartz,  but  without 
any  intermixture  of  igneous  rocks;  in  which  circumstance  alone  it 
appears  to  differ  from  the  modern  gravel  of  the  Flu  via. 

Bufadors. — The  volcanic  rocks  near  Olot  have  often  a  cavernous 
structure,  like  some  of  the  lavas  of  Etna  ;  and  in  many  parts  of  the 
hill  of  Batet,  in  the  environs  of  the  town,  the  sound  returned  by  the 
earth,  when  struck,  is  like  that  of  an  archway.  At  the  base  of  the 
same  hill  are  the  mouths  of  several  subterranean  caverns,  about 
twelve  in  number,  which  are  called  in  the  country  "bufadors,"  from 
which  a  current  of  cold  air  issues  during  summer,  but  which  in 
winter  is  said  to  be  scarcely  perceptible.  I  visited  one  of  these 
bufadors  in  the  beginning  of  August,  1830,  when  the  heat  of  the 
season  was  unusually  intense,  and  found  a  cold  wind  blowing  from 
it,  which  may  easily  be  explained;  for  as  the  external  air,  when 
rarefied  by  heat,  ascends,  the  pressure  of  the  colder  and  heavier  air 
of  the  caverns  in  the  interior  of  the  mountain  causes  it  to  rush  out 
to  supply  its  place. 

In  regard  to  the  age  of  these  Spanish  volcanos,  attempts  have 
been  made  to  prove,  that  in  this  country,  as  well  as  in  Auvergne  and 
the  Eifel,  the  earliest  inhabitants  were  eye-witnesses  to  the  volcanic 
action.  In  the  year  1421,  it  is  said,  when  Olot  was  destroyed  by  an 
earthquake,  an  eruption  broke  out  near  Amer,  and  consumed  the 
town.  The  researches  of  Don  Francisco  Bolos  have,  I  think,  shown, 
in  the  most  satisfactory  manner,  that  there  is  no  good  historical 
foundation  for  the  latter  part  of  this  story ;  and  any  geologist  who 
has  visited  Amer  must  be  convinced  that  there  never  was  any 
eruption  on  that  spot.  It  is  true  that,  in  the  year  above  mentioned, 
the  whole  of  Olot,  with  the  exception  of  a  single  house,  was  cast 
down  by  an  earthquake ;  one  of  those  shocks  which,  at  distant 
intervals  during  the  last  five  centuries,  have  shaken  the  Pyrenees, 
and  particularly  the  country  between  Perpignan  and  Olot,  where  the 
movements,  at  the  period  alluded  to,  were  most  violent. 

The  annihilation  of  the  town  may,  perhaps,  have  been  due  to  the 
cavernous  nature  of  the  subjacent  rocks ;  for  Catalonia  is  beyond  the 
line  of  those  European  earthquakes  which  have,  within  the  period  of 
history,  destroyed  towns  throughout  extensive  areas. 

As  we  have  no  historical  records,  then,  to  guide  us  in  regard  to 
the  extinct  volcanos,  we  must  appeal  to  geological  monuments.  The 
annexed  diagram  will  present  to  the  reader,  in  a  synoptical  form,  the 
results  obtained  from  numerous  sections. 

The  more  modern  alluvium  (d)  is  partial,  and  has  been  formed  by 
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Fig.  475. 


Superposition  of  rocks  In  the  volcanic  district  of  Catalonia. 

a.  Sandstonr  and  numniulitic  limestone. 

b.  Older  allavlum  without  Tolcanic  pebbles. 


c.  Cones  of  scoriae  and  lava. 


d.  Newer  alluvium. 


the  action  of  rivers  and  floods  upon  the  lava ;  whereas  the  older 
gravel  (b)  was  strewed  over  the  country  before  the  volcanic  eruptions. 
In  neither  have  any  organic  remains  been  discovered  ;  so  that  we 
can  merely  affirm,  as  yet,  that  the  volcanos  broke  out  after  the  eleva* 
tion  of  some  of  the  newest  rocks  of  the  nummulitic  (Eocene?)  series 
of  Catalonia,  and  before  the  formation  of  an  alluvium  {d)  of  unknown 
date.  The  integrity  of  the  cones  merely  shows  that  the  country  has 
not  been  agitated  by  violent  earthquakes,  or  subjected  to  the  action 
of  any  great  transient  flood  since  their  origin. 

East  of  Olot,  on  the  Catalonian  coast,  marine  tertiary  strata 
occur,  which,  near  Barcelona^  attain  the  height  of  about  500  feet. 
From  the  shells  which  I  collected,  these  strata  appear  to  correspond 
in  age  with  the  Subapennine  beds;  and  it  is  not  improbable  that 
their  upheaval  from  beneath  the  sea  took  place  during  the  period  of 
volcanic  eruption  round  Olot.  In  that  case  these  eruptions  may 
have  occurred  at  the  close  of  the  Older  Pliocene  era,  but  perhaps 
subsequently,  for  their  age  is  at  present  quite  uncertain. 

Miocene  period — Volcanic  rocks  of  the  Eifel, — The  chronological 
relations  of  the  volcanic  rocks  of  the  Lower  Rhine  and  the  Eifel  are 
also  involved  in  a  considerable  degree  of  ambiguity ;  but  we  know 
that  some  portion  of  them  were  coeval  with  the  deposition  of  a 
tertiary  formation,  called  "  Brown-Coal ''  by  the  Germans,  which 
probably  belongs  to  the  Miocene,  if  not  referable  to  the  Upper 
Eocene,  epoch. 

This  Brown-Coal  is  seen  on  both  sides  of  the  Rhine,  in  the  neigh- 
bourhood of  Bonn,  resting  unconformably  on  highly  inclined  and 
vertical  strata  of  Silurian  and  Devonian  rocks.  Its  position,  and  the 
space  occupied  by  the  volcanic  rocks,  both  of  the  Westerwald  and 
Eifel,  will  be  seen  by  referring  to  the  map  in  the  next  page  {^g,  476.), 
for  which  I  am  indebted  to  Mr.  Horner,  whose  residence  in  the  country 
has  enabled  him  to  verify  the  maps  of  M.M.  Noeggerath  and  Yon 
Oeynhausen,  from  which  that  now  given  has  been  principally  com- 
piled. 

The  Brown- Coal  formation  consists  of  beds  of  loose  sand,  sand- 
stone, and  conglomerate,  clay  with  nodules  of  clay-ironstone,  and 
occasionally  silex.  Layers  of  light  brown,  and  sometimes  black 
lignite,  are  interstratified  with  the  clays  and  sands,  and  often  irregu- 
larly diflused  through  them.     They  contain  numerous  impressions  of 
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leaves  and  stems  of  trees,  and  are  extensively  worked  for  fuel,  whence 
the  name  of  the  formation. 

In  several  places,  layers  of  trachytic  tuff  are  interstra titled,  and  ia 
these  tuffs  are  leaves  of  plants  identical  with  those  found  in  the 
brown-coal,  showing  that,  during  the  period  of  the  accumulation  of 
the  latter,  some  volcanic  products  were  ejected. 

The  varieties  of  wood  in  the  lignite  are  said  to  belong  entirely  to 
dicotyledonous  trees;  but  among  the  impressions  of  leaves,  collected 
by  Mr.  Horner,  some  were  referred  by  Mr.  Lindley  to  a  palm,  per- 
haps of  the  genus  Chamitropt,  and  others  resembled  the  Cittfta- 
momum  dulce,  and  Podocarpus  maerophylla,  which  would  also 
indicate  a  warm  climate.' 

The  other  organic  remains  of  the  brown-coal  are  principally  fiahes ; 
they  are  found  in  a  bituminous  shale,  called  paper-coal,  from  being 
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divisible  into  extremely  thin  leaves.  The  individuals  are  very 
numerous ;  but  they  appear  to  belong  to  about  five  species,  which 
M.  Agassiz  informs  me  are  all  extinct,  and  hitherto  peculiar  to  this 
brown-coal.  They  belong  to  the  freshwater  genera  Leuciscusy  Aspius, 
and  Perccu  The  remains  of  frogs  also,  of  an  extinct  species,  have 
been  discovered  in  the  paper-coal;  and  a  complete  series  may  be 
seen  in  the  museum  at  Bonn,  from  the  most  imperfect  state  of  the 
tadpole  to  that  of  the  full-grown  animaL  With  these  a  salamander, 
scarcely  distinguishable  from  the  recent  species,  has  been  found,  and 
several  remains  of  insects. 

The  brown-coal  was  evidently  a  freshwater  formation  ;  but  fossil 
shells  have  been  scarcely  ever  found  in  it ;  although  near  Marienforst, 
in  the  vicinity  of  Bonn,  large  blocks  have  been  met  with  of  a  white 
opaque  chert,  containing  numerous  casts  of  freshwater  shells,  which 
appear  to  belong  to  Planorbis  rotundatus  and  Limnea  hngiscata^ 
two  species  common  both  to  the  Middle  and  Upper  Eocene  periods. 
It  is  very  probable  that  the  brown-coal  may  be  connected  in  age 
with  those  fiuvio-marine  formations  which  are  found  in  higher  parts 
of  the  valley  of  the  Rhine,  as  at  Mayence  before  mentioned  (p.  177.). 

A  vast  deposit  of  gravel,  chiefly  composed  of  pebbles  of  white 
quartz,  but  containing  also  a  few  fragments  of  other  rocks,  lies  over 
the  brown-coal  formation,  forming  sometimes  only  a  thin  covering, 
at  others  attaining  a  thickness  of  more  than  100  feet.  This  gravel 
is  very  distinct  in  character  from  that  now  forming  the  bed  of  the 
Bhine.  It  is  called  "  Kiesel  geroUe  "  by  the  Germans,  often  reaches 
great  elevations,  and  is  covered  in  several  places  with  volcanic 
ejections.  It  is  evident  that  the  country  has  undergone  great  changes 
in  its  physical  geography  since  this  gravel  was  formed;  for  its 
position  has  scarcely  any  relation  to  the  existing  drainage  of  the 
country,  and  all  the  more  modern  volcanic  rocks  of  the  same  region 
are  posterior  to  it  in  date. 

Some  of  the  newest  beds  of  volcanic  sand,  pumice,  and  scorias  are 
interstratified  near  Andernach  and  elsewhere  with  the  loam  called 
loess,  which  was  before  described  as  being  full  of  land  and  freshwater 
shells  of  recent  species,  and  referable  to  the  Post-Pliocene  period.  I 
have  before  hinted  (see  p.  118.)  that  this  intercalation  of  volcanic 
matter  between  beds  of  loess  may  possibly  be  explained  without 
supposing  the  last  eruptions  of  the  Lower  Eifel  to  have  taken  place 
so  recently  as  the  era  of  the  deposition  of  the  loess ;  but  farther 
researches  should  be  directed  to  the  investigation  of  this  curious 
point. 

The  igneous  rocks  of  the  Westerwald,  and  of  the  mountains  called 
the  Siebengebirge,  consist  partly  of  basaltic  and  partly  of  trachytic 
lavas,  the  latter  being  in  general  the  more  ancient  of  the  two.  There 
are  many  varieties  of  trachyte,  some  of  which  are  highly  crystalline, 
resembling  a  coarse-grained  granite,  with  large  separate  crystals  of 
felspar.  Trachytic  tuff  is  also  very  abundant.  These  formations, 
some  of  which  were  certainly  contemporaneous  with  the  origin  of 
the  brown-coal,  were  the  first  of  a  long  series  of  eruptions,  the 
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more  recent  of  which  happened  when  the  conntiy  had  acquired 
nearly  all  its  present  geographical  features. 

Newer  voleanoa  of  the  Eifel. — Lake-craters. — As  I  recognized  in 
the  more  modem  Tolcanos  of  the  Eifel  characters  distinct  from  any 
previously  observed  by  me  in  those  of  France,  Italy,  or  Spain,  I  shall 
briefly  describe  them.  The  fundamental  rocks  of  the  district  are 
grey  and  red  sandstones  and  shales,  with  some  associated  limestones, 
replete  with  fossils  of  the  Devonian  or  Old  Red  Sandstone  gronp. 
The  Tolcanos  broke  out  in  the  midst  of  these  inclined  strata,  and 
when  the  present  systems  of  hills  and  valleys  had  already  been 
formed.  The  eruptions  occarred  sometimes  at  the  bottom  of  deep 
valleys,  sometimes  on  the  summit  of  hills,  and  frequently  on  inter- 
vening platforms.  In  travelling  through  this  district  we  often  fall 
upon  them  most  unexpectedly,  and  may  find  ourselves  on  the  very 
edge  of  a  crater  before  we  had  been  led  to  suspect  that  we  were 
approaching  the  site  of  any  igneous  outburst.  Thus,  for  example, 
on  arriving  at  the  village  of  Gemund,  immediately  south  of  Daun, 
we  leave  the  stream,  which  flows  at  the  bottom  of  a  deep  valley  in 
which  strata  of  sandstone  and  shale  crop  out.  We  then  climb  m 
steep  hil1>  OD  the  surface  of  which  we  see  the  edges  of  the  same  stratft 
dipping  inwards  towards  the  mountain.  When  we  have  ascendftd  to 
a  considerable  height,  we  see  fragments  of  scoriie  sparingly  scattered 
over  the  surface ;  till,  at  length,  on  reaching  the  summit,  we  find 
ourselves  suddenly  on  the  edge  of  a  tarn,  or  deep  circular  lake-basin. 


This,  which  is  called  the  Gemunder  Maor,  is  the  flrst  of  three 

.  lakes  which  are  in  immediate  contact,  the  same  ridge  forming  the 

barrier  of  two  neighbouring  cavities  (see  fig.  477. )•     On  viewing  tfae 

first  of  these,  we  recognize  the  ordinary  form  of  a  crater,  for  whi<di 
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we  have  been  prepared  by  the  occurrence  of  scorias  scattered  over 
the  surface  of  the  soil.  But  on  examining  the  walls  of  the  crater  we 
find  precipices  of  sandstone  and  shale  which  exhibit  no  signs  of  the 
action  of  heat ;  and  we  look  in  vain  for  those  beds  of  lava  and 
scorite,  dipping  in  opposite  directions  on  every  side,  which  we  have 
been  accustomed  to  consider  as  characteristic  of  volcanic  craters.  As 
we  proceed,  however,  to  the  opposite  side  of  the  lake,  and  afterwards 
visit  the  craters  c  and  d  (fig.  478.),  we  find  a  considerable  quantity 
of  scorise  and  some  lava,  and  see  the  whole  surface  of  the  soil  sparkling 
vrith  volcanic  sand,  and  strewed  with  ejected  fragments  of  half-fused 
shale,  which  preserves  its  laminated  texture  in  the  interior,  while  it 
has  a  vitrified  or  scoriform  coating. 

A  few  miles  to  the  south  of  the  lakes  above  mentioned  occurs  the 
Pulvermaar  of  Gillenfeld,  an  oval  lake  of  very  regular  form,  and 
surrounded  by  an  unbroken  ridge  of  fragmentary  materials,  consisting 
of  ejected  shale  and  sandstone^  and  preserving  a  uniform  height  of 
about  150  feet  above  the  water.  Tlie  side  slope  in  the  interior 
is  at  an  angle  of  about  45  degrees;  on  the  exterior,  of  35  de- 
grees. Volcanic  substances  are  intermixed  very  sparingly  with  the 
ejections,  which  in  this  place  entirely  conceal  from  view  the  stra- 
tified rocks  of  the  country.* 

The  Ateerfelder  Maar  is  a  cavity  of  far  greater  size  and  depth, 
hollowed  out  of  similar  strata;  the  sides  presenting  some  abrupt 
sections  of  inclined  secondary  rocks,  which  in  other  places  are  buried 
under  vast  heaps  of  pulverized  shale.  I  could  discover  no  scoriaa 
amongst  the  ejected  materials,  but  balls  of  olivine  and  other  volcanic 
substances  are  mentioned  as  having  been  found.f  This  cavity,  which 
we  must  suppose  to  have  discharged  an  immense  volume  of  gas,  is 
nearly  a  mile  in  diameter,  and  is  said  to  be  more  than  one  hundred 
fathoms  deep.  In  the  neighbourhood  is  a  mountain  called  the  Mosen- 
berg,  which  consists  of  red  sandstone  and  shale  in  its  lower  parts, 
but  supports  on  its  summit  a  triple  volcanic  cone,  while  a  distinct 
current  of  lava  is  seen  descending  the  fianks  of  the  mountain.  The 
edge  of  the  crater  of  the  largest  cone  reminded  me  much  of  the  form 
and  characters  of  that  of  Vesuvius ;  but  I  was  much  struck  with  the 
precipitous  and  almost  overhanging  wall  or  parapet  which  the  scoriaa 
presented  towards  the  exterior,  as  at  a  6  (fig.  479.) ;  which  I  can 
only  explain  by  supposing  that  fragments  of  red«hot  lava,  as  they  fell 

Fig.  479. 


Stratified  rocks.  v.  Voleanlc. 

Outline  of  Motenberf,  Upper  EiM. 

*  Scrope,  EdiD.  Joam.  of  Sci.,  June,        f  Hibbert,  Extinct  Yolcanos  of  the 
1826,  p.  145.  Rhine,  p.  24. 
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round  the  vent,  were  cemented  together  into  one  compact  mass,  in 
consequence  of  continuing  to  be  in  a  half-melted  state. 

If  we  pass  from  the  Upper  to  the  Lower  Eifel,  from  A  to  b  (see 
map,  p.  416.),  we  find  the  celebrated  lake-crater  of  Laach,  which  has 
a  greater  resemblance  than  any  of  those  before  mentioned  to  the 
Lago  di  Bolsena,  and  others  in  Italy  —  being  surrounded  by  a  ridge 
of  gently  sloping  hills,  composed  of  loose  tuffs,  scorise,  and  blocks  of 
a  variety  of  lavas. 

One  of  the  most  interesting  volcanos  on  the  left  bank  of  the  Rhine 
is  called  the  Roderberg.  It  forms  a  circular  crater  nearly  a  quarter 
of  a  mile  in  diameter,  and  100  feet  deep,  now  covered  with  fields  of 
corn.  The  highly  inclined  strata  of  ancient  sandstone  and  shale  rise 
even  to  the  rim  of  one  side  of  the  crater  ;  but  they  are  overspread  by 
quartzose  gravel,  and  this  again  is  covered  by  volcanic  scoriae  and 
tufaceous  sand.  The  opposite  wall  of  the  crater  is  composed  of 
cinders  and  scorified  rock,  like  that  at  the  summit  of  Vesuvius.  It 
is  quite  evident  that  the  eruption  in  this  case  burst  through  the 
sandstone  and  alluvium  which  immediately  overlies  it ;  and  I  observed 
some  of  the  quartz  pebbles  mixed  with  scoriae  on  the  flanks  of  the 
mountain,  as  if  they  had  been  cast  up  into  the  air,  and  had  fallen 
again  with  the  volcanic  ashes.  I  have  already  observed,  that  a  large 
part  of  this  crater  has  been  filled  up  with  loess  (p.  118.). 

The  most  striking  peculiarity  of  a  great  many  of  the  craters  above 
described,  is  the  absence  of  any  signs  of  alteration  or  torrefaction  in 
their  walls,  when  these  are  composed  of  regular  strata  of  ancient 
sandstone  and  shale.     It  is  evident  that  the  summits  of  hills  formed 
of  the  above-mentioned  stratified  rocks  have,  in  some  cases,  been- 
carried  away  by  gaseous  explosions,  while  at  the  same  time  no  lava, 
and  often  a  very  small  quantity  only  of  scoriae,  has  escaped  from  the 
newly  formed  cavity.     There  is,  indeed,  no  feature  in  the  Eifel  vol- 
canos  more  worthy  of  note,   than  the  proofs  they  afibrd  of  very 
copious  aeriform  discharges,  unaccompanied  by  the  pouring  out  of 
melted  matter,  except,  here  and  there,  in  very  insignificant  volume. 
I  know  of  no  other  extinct  volcanos  where  gaseous  explosions  of  such 
magnitude  have  been  attended  by  the  emission  of  so  small  a  quantity 
of  lava.     Yet  I  looked  in  vain  in  the  Eifel  for  any  appearances 
which  could  lend  support  to  the  hypothesis,  that  the  sudden  rushing 
out  of  such  enormous  volumes  of  gas  had  ever  lifted  up  the  stratified 
rocks  immediately  around  the  vent,  so  as  to  form  conical  masses, 
having  their  strata  dipping  outwards  on  all  sides  from  a  central  axis, 
as  is  assumed  in  the  theory  of  elevation  craters,  alluded  to  at  the  end 
of  Chap.  XXIX. 

Trass* — In  the  Lower  Eifel,  eruptions  of  trachytic  lava  preceded 
the  emission  of  currents  of  basalt,  and  immense  quantities  of  pumice 
were  thrown  out  wherever  trachyte  issued.  The  tufaceous  alluvium 
called  trass^  which  has  covered  large  areas  in  this  region  and  choked 
up  some  valleys  now  partially  re-excavated,  is  unstratified.  Its  base 
consists  almost  entirely  of  pumice,  in  which  are  included  fragments 
of  basalt  and  other  lavas,  pieces  of  burnt  shale,  slate,  and  sandstone,* 
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and  numerous  trunks  and  branches  of  trees.  If  this  trass  was  formed 
during  the  period  of  volcanic  eruptions  it  may  perhaps  have  origi- 
nated in  the  manner  of  the  moya  of  the  Andes. 

We  may  easily  conceive  that  a  similar  mass  might  now  be  pro- 
duced, if  a  copious  evolution  of  gases  should  occur  in  one  of  the  lake 
basins.  The  water  might  remain  for  weeks  in  a  state  of  violent 
ebullition,  until  it  became  of  the  consistency  of  mud,  just  as  the  sea 
continued  to  be  charged  with  red  mud  round  Graham's  Island,  in  the 
Mediterranean,  in  the  year  1831.  If  a  breach  should  then  be  made 
in  the  side  of  the  cone,  the  flood  would  sweep  away  great  heaps  of 
ejected  fragments  of  shale  and  sandstone,  which  would  be  borne  down 
into  the  adjoining  valleys.  Forests  might  be  torn  up  by  such  a  flood ; 
and  thus  the  occurrence  of  the  numerous  trunks  of  trees  dispersed 
irregularly  through  the  trass,  can  be  explained. 

Hungary,  —  M.  Beudant,  in  his  elaborate  work  on  Hungary, 
describes  five  distinct  groups  of  volcanic  rocks,  which,  although  no- 
where of  great  extent,  form  striking  features  in  the  physical  geo- 
graphy of  that  country,  rising  as  they  do  abruptly  from  extensive 
plains  composed  of  tertiary  strata.  They  may  have  constituted 
islands  in  the  ancient  sea,  as  Santorin  and  Milo  now  do  in  the  Gre- 
cian Archipelago ;  and  M.  Beudant  has  remarked  that  the  mineral 
products  of  the  last- mentioned  islands  resemble  remarkably  those  of 
the  Hungarian  extinct  volcanos,  where  many  of  the  same  minerals, 
as  opal,  calcedony,  resinous  silex  {sUex  resinite),  pearlite,  obsidian, 
and  pitchstone  abound. 

The  Hungarian  lavas  are  chiefly  felspathic,  consisting  of  different 
varieties  of  trachyte;  many  are  cellular,  and  used  as  millstones; 
some  so  porous  and  even  scoriform  as  to  resemble  those  which  have 
issued  in  the  open  air.  Pumice  occurs  in  great  quantity ;  and  there 
are  conglomerates,  or  rather  breccias,  wherein  fragments  of  trachyte 
are  bound  together  by  pumiceous  tufi*,  or  sometimes  by  silex. 

It  is  probable  that  these  rocks  were  permeated  by  the  waters  of 
hot  springs,  impregnated,  like  the  Geysers,  with  silica ;  or,  in  some 
instances,  perhaps,  by  aqueous  vapours,  which,  like  those  of  Lance- 
rote,  may  have  precipitated  hydrate  of  silica. 

By  the  influence  of  such  springs  or  vapours  the  trunks  and  branches 
of  trees  washed  down  during  floods,  and  buried  in  tuffs  on  the  flanks 
of  the  mountains,  are  supposed  to  have  become  silicified.  It  is 
scarcely  possible,  says  M.  Beudant,  to  dig  into  any  of  the  pumiceous 
deposits  of  these  mountains  without  meeting  with  opalized  wood,  and 
sometimes  entire  silicified  trunks  of  trees  of  great  size  and  weight. 

It  appears  from   the   species   of  shells   collected  principally  by 
M.  Bou^  and  examined  by  M.  Deshayes,  that  the  fossil  remains  im 
bedded  in  the  volcanic  tufls,  and  in  strata  alternating  with  them  in 
Hungary,  are  of  the  Miocene  type,  and  not  identical,  as  was  formerly 
supposed,  with  the  fossils  of  the  Paris  basin. 
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Yoieaoic  rocks  (/the  Pliocene  and  Mioeene  periods  eonthnied — Anrcr^iie Moot 

Jk^ — Breccias  and  aOnriainsof  3fo«it  PexTier,witii  bones  of  qaftdrnpeds Bivcr 

dammed  np  bj  laTa-cnrrent — Bange  of  minor  cones  from  Anrergne  to  die 
yirarais — Mfmtt  Dome — Pnj  de  Come — Par  de  Fwioa—Cooes  not  denoded 

hy  general  flood — Ydaj — Bones  of  qnadmpeds  boned  in  sooroe — f*-««*tnl 

£o«ne  Tolcanie  rodu — Toffii  near  Clermont — HiH  of  Gergoria TW^>  of 

Cretaceoos  period  -  Oolitic  period — New  Bed  Sandstone  period — CarfaoDiferooi 

peri^jd-.Oki  Bed  Sandstone  period—**  Bock  and  Spindle"  near  St.  Andrew's 

SUnrian  period  —  Cambrian  rolcanic  rocks. 

Tertiary  Volcanic  Rocks. — Auvergne. — The  extinct  Yolcanoe  of 
Auvergne  and  Cantal  in  Centnd  France  seem  to  jiaTe  commenced 
their  emptions  in  the  Upper  Eocene  period,  bat  to  haye  heen  most 
actiTc  daring  the  Miocene  and  Pliocene  eras.  I  hare  ahreadj  alluded 
to  the  grand  snccession  of  events^  of  which  there  is  evidence  in 
Auvergne  since  the  last  retreat  of  the  sea  (see  p.  178.). 

The  earliest  monaments  of  the  tertiary  period  in  that  r^<m  are 
lacustrine  deposits  of  great  thickness  (2.  f^g.  480.  p.  424.),  in  the 
lowest  conglomerates  of  which  are  roanded  pebbles  of  qaartz,  mica- 
schist,  granite,  and  other  non- volcanic  rocks,  withoat  the  slightest 
intermixtare  of  igneoas  products.  To  these  conglomerates  succeed 
argillaceous  and  calcareous  marls  and  limestones  (3.  fig.  480.)  con- 
taining Upper  Eocene  shells,  and  hones  of  mammalia,  the  higher 
beds  of  which  sometimes  alternate  with  volcanic  tuff  of  contempo- 
raneous origin.  After  the  filling  up  or  drainage  of  the  ancient  lakes, 
huge  piles  of  trachjtic  and  basaltic  rocks,  with  volcanic  breccias, 
accumulated  to  a  thickness  of  several  thousand  feet,  and  were  super- 
imposed upon  granite,  or  the  contiguous  lacustrine  strata.  The 
greater  portion  of  these  igneous  rocks  appear  to  have  originated 
during  the  Miocene  and  Pliocene  periods  ;  and  extinct  quadrupeds  of 
those  eras,  belonging  to  the  genera  Mastodon,  Rhinoceros,  and  others^ 
were  buried  in  ashes  and  beds  of  alluvial  sand  and  gravel,  which  owe 
their  preservation  to  overspreading  sheets  of  lava. 

In  Auvergne  the  most  ancient  and  conspicuous  of  the  volcanic 
masses  is  Mont  Dor,  which  rests  immediately  on  the  granitic  rocks 
standing  apart  from  the  freshwater  strata.*  This  great  mountain 
rises  suddenly  to  the  height  of  several  thousand  feet  above  the  sur- 
rounding platform,  and  retains  the  shape  of  a  flattened  and  somewhat 
irregular  cone,  all  the  sides  sloping  more  or  less  rapidly,  until  their 
inclination  is  gradually  lost  in  the  high  plain  around.  This  cone  is 
composed  of  layers  of  scoriae,  pumice-stones,  and  their  fine  detritus, 

*  See  the  map,  p.  179. 
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with  interposed  beds  of  trachyte  and  basalt,  which  descend  often  in 
uninterrupted  sheets,  till  they  reach  and  spread  themselves  round 
the  base  of  the  mountain.*  Conglomerates,  also,  composed  of  angu- 
lar and  rounded  fragments  of  igneous  rocks,  are  observed  to  alternate 
with  the  above ;  and  the  various  masses  are  seen  to  dip  off  from  the 
central  axis,  and  to  lie  parallel  to  the  sloping  flanks  of  the  moun- 
tain. 

The  summit  of  Mont  Dor  terminates  in  seven  or  eight  rocky  peaks, 
where  no  regular  crater  can  now  be  traced,  but  where  we  may  easily 
imagine  one  to  have  existed,  which  may  have  been  shattered  by 
earthquakes,  and  have  suffered  degradation  by  aqueous  agents.  Ori- 
ginally, perhaps,  like  the  highest  crater  of  Etna,  it  may  have  formed 
an  insignificant  feature  in  the  great  pile,  and  may  frequently  have 
been  destroyed  and  renovated. 

According  to  some  geologists^  this  mountain,  as  well  as  Vesuvius, 
Etna,  and  all  large  volcanos,  has  derived  its  dome-like  form  not  from 
the  preponderance  of  eruptions  from  one  or  more  central  points,  but 
from  the  upheaval  of  horizontal  beds  of  lava  and  scoriae.  I  have 
explained  my  reasons  for  objecting  to  this  view  at  the  close  of  Chap. 
XXIX.,  when  speaking  of  Palma,  and  in  the  Principles  of  Geology.f 
The  average  inclination  of  the  dome-shaped  mass  of  Mont  Dor  is 
S°  6%  whereas  in  Mounts  Loa  and  Kea,  before  mentioned,  in  the  Sand- 
wich Islands  (see  fig.  457.  p.  394.),  the  fianks  of  which  have  been 
raised  by  recent  lavas,  we  find  from  Mr.  Dana's  description  that  the 
one  has  a  slope  of  6**  30',  the  other  of  7°  46^  We  may,  therefore, 
reasonably  question  whether  there  is  any  absolute  necessity  for  sup- 
posing that  the  basaltic  currents  of  the  ancient  French  volcano  were 
at  first  more  horizontal  than  they  are  now.  Nevertheless  it  is  highly 
probable  that  during  the  long  series  of  eruptions  required  to  give 
rise  to  so  vast  a  pile  of  volcanic  matter,  which  is  thickest  at  the 
summit  or  centre  of  the  dome,  some  dislocation  and  upheaval  took 
place  ;  and  during  the  distention  of  the  mass,  beds  of  lava  and  scorias 
may,  in  some  places,  have  acquired  a  greater,  in  others  a  less,  incli- 
nation, than  that  which  at  first  belonged  to  them. 

Respecting  the  age  of  the  great  mass  of  Mont  Dor,  we  cannot 
come  at  present  to  any  positive  decision,  because  no  organic  remains 
have  yet  been  found  in  the  tuffs,  except  impressions  of  the  leaves  of 
trees  of  species  not  yet  determined.  We  may  certainly  conclude,  that 
the  earliest  eruptions  were  posterior  in  origin  to  those  grits  and  con- 
glomerates of  the  freshwater  formation  of  the  Limagne,  which  contain 
no  pebbles  of  volcanic  rocks ;  while,  on  the  other  hand,  some  erup- 
tions took  place  before  the  great  lakes  were  drained ;  and  others 
occurred  after  the  desiccation  of  those  lakes,  and  when  deep  valleys 
had  already  been  excavated  through  freshwater  strata. 

In  the  annexed  section,  I  have  endeavoured  to  explain  the  geological 
structure  of  a  portion  of  Auvergne,  which  I  re-examined  in  1843.^ 

•  Scrope'a  Central  France,  p.  98.  J  See  Qoarterly  GeoL  Joam.,  vol  ii 

t  See  chaps,  xxiv.,  xxy.,  and  xztl,    p.  77. 
7th  and  8th  editions. 
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SectUm  fron  the  rallcj  of  tbe  Conie  at  XccbcTs.  thro*ifli  Mont  Fnrier  aid  Uaoirr  to  tbe  Tilrj 

<j€  the  Allier,  and  tb«  Tour  de  Boulade,  Auvergne. 


10.  Lara-^ormit  of  Tartarct  near  its  tcnai-  %.  Lower  booa-bed  ol  

oatioa  at  S«chers.  and  grareL 

9.  Booe-bed.  red  tandy  day  nader  tb«  lava  of  Am.  Basaltic  djke. 

TarUret.  4.  Basaltic  platform. 

5.  Bone-bed  of  tbe  Toor  de  Boolade.  %.  t'pfMT  Arcahwater  hods,  ttBeatOBe,  iBvl*  gyp- 
7.  Alluvium  newer  tban  So.  €.  sum,  *c. 

6.  Allurhim  with  booes  of  biopopotamos.  X.  Ijower  fresbwaMr  fonntfoB,  i«d  dtaj^  gnmm 
he.  Trochftic  breccia  resembting  ba.  saod,  ice. 

hb.  Upper  bone-bed  of  Perrler.  grarel.  ftc  1    Granite. 
§  a.  Pufiiiceoos  breccia  and  coiigiofncrate,  angn- 
lar  masses  of  trachyte,  quarts,  pebbles.  Ike 

It  maj  convey  some  idea  to  the  reader  of  the  long  and  eomplicated 
series  of  eyents  which  have  occarred  in  that  country,  since  the  first 
lacustrine  strata  (No.  2.)  were  deposited  on  the  granite  (No.  1.).  The 
changes  of  which  we  have  evidence  are  the  more  striking,  becaose 
thej  imply  great  denudation,  without  there  being  any  proofs  of  the 
intervention  of  the  sea  during  the  whole  period.  It  will  be  seen 
that  the  upper  freshwater  beds  (No.  3.),  once  formed  in  a  lake^  must 
have  suffered  great  destruction  before  the  excavation  of  the  vaUeys  of 
the  Couze  and  Allier  had  begun.  In  these  freshwater  beds.  Upper 
Eocene  fossils,  as  described  in  Chap.  XY.,  have  been  found.  The 
basaltic  dike  4^,  is  one  of  many  examples  of  the  intrusion  of  volcanic 
matter  through  the  £A)cene  freshwater  beds,  and  may  have  been  of 
Upper  Elocene  or  Miocene  date,  giving  rise,  when  it  reached  the 
surface  and  overflowed,  to  such  platforms  of  basalt,  as  often  cap  the 
tertiary  hills  in  Auvergne,  and  one  of  which  (4)  is  seen  on  Mont 
Perrier. 

It  not  unfrequently  happens  that  beds  of  gravel  containing  bones  of 
extinct  mammalia  are  detected  under  these  very  ancient  sheets  of 
basalt,  as  between  No.  4.  and  the  freshwater  strata.  No.  3.,  at  A,  from 
which  it  is  clear  that  the  surface  of  3  formed  at  that  period  the  lowest 
level  at  which  the  waters  then  draining  the  country  flowed.  Next  in 
age  to  this  basaltic  platform  comes  a  patch  of  ochreous  sand  and 
gravel  (No.  5.),  containing  many  bones  of  quadrupeds.  Upon  this 
rests  a  pumiceous  breccia  and  conglomerate,  with  angular  masses  of 
trachyte,  and  some  quartz  pebbles.  This  deposit  is  followed  by  5  A, 
which  is  similar  to  5,  and  5  c  similar  to  the  trachytic  breccia  5  o. 
These  two  breccias  are  supposed,  from  their  similarity  to  others  found 
on  Mount  Dor,  to  have  descended  from  the  flanks  of  that  mountain 
during  eruptions ;  and  the  interstratified  alluvial  deposits  contain  the 
remains  of  mastodon,  rhinoceros,  tapir,  deer,  beaver,  and  quadrupeds 
of  other  genera  referable  to  about  forty  species,  all  of  which  are 
extinct.  I  formerly  supposed  them  to  belong  to  the  same  era  as  the 
Miocene  faluns  of  Touraine ;  but,  whether  they  may  not  rather  be 


Ch.  xxxil]  volcanos  of  AUVERGNE.  425 

ascribed  to  the  Older  Pliocene  epoch  is  a  question  which  farther 
inquiries  and  comparisons  must  determine. 

Whatever  be  their  date  in  the  tertiary  series,  they  are  quadrupeds 
which  inhabited  the  country  when  the  formations  5  and  5  c  ori- 
ginated. Probably  they  were  drowned  during  floods,  such  as  rush 
down  the  flanks  of  volcanos  during  eruptions^  when  great  bodies  of 
steam  are  emitted  from  the  crater,  or  when,  as  we  have  seen^  both  on 
Etna  and  in  Iceland  in  modem  times,  large  masses  of  snow  are 
suddenly  melted  by  lava,  causing  a  deluge  of  water  to  bear  down 
fragments  of  igneous  rocks  mixed  with  mud,  to  the  valleys  and  plains 
below. 

It  will  be  seen  that  the  vaUey  of  the  Issoire,  down  which  these  an- 
cient inundations  swept,  was  first  excavated  at  the  expense  of  the 
formations  2,  3,  and  4,  and  then  filled  up  by  the  masses  5  and  5  c, 
after  which  it  was  re-excavated  before  the  more  modern  alluviums 
(Nos.  6.  and  7.)  were  formed.  In  these  again  other  fossil  mammalia  of 
distinct  species  have  been  detected  by  M.  Bravard,  the  bones  of  an 
hippopotamus  having  been  found  among  the  rest. 

At  length,  when  the  valley  of  the  Allier  was  eroded  at  Issoire  down 
to  its  lowest  level,  a  talus  of  angular  fragments  of  basalt  and  fresh- 
water limestone  (No.  8.)  was  formed,  called  the  bone-bed  of  the  Tour 
de  Boulade,  from  which  a  great  many  other  mammalia  have  been 
collected  by  MM.  Bravard  and  Pomel.  In  this  assemblage  the  Ele* 
phas  primigeniuSy  Rhinoceros  iicharinus,  Deer  (including  rein-deer)^ 
£quus,  Bos,  Antelope,  Felis,  and  Cants,  were  included.  Even  this  de- 
posit seems  hardly  to  be  the  newest  in  the  neighbourhood,  for  if  we 
cross  from  the  town  of  Issoire  (see  fig.  480.)  over  Mont  Perrier  to 
the  adjoining  valley  of  the  Couze,  we  find  another  bone-bed  (No.  9.), 
overlaid  by  a  current  of  lava  (No.  10.). 

The  history  of  this  lava-current,  which  terminates  a  few  hundred 
yards  below  the  point  No.  10.,  in  the  suburbs  of  the^village  of  Nechers, 
is  interesting.  It  forms  a  long  narrow  stripe  more  than  13  miles  in 
length,  at  the  bottom  of  the  valley  of  the  Couze,  which  flows  out  of  a 
lake  at  the  foot  of  Mont  Dor.  This  lake  is  caused  by  a  barrier 
thrown  across  the  ancient  channel  of  the  Couze,  consisting  partly  of 
the  volcanic  cone  called  the  Puy  de  Tartaret,  formed  of  loose  scoriss, 
from  the  base  of  which  has  issued  the  lava-current  before  mentioned. 
The  materials  of  the  dam  which  blocked  up  the  river,  and  caused  the 
Lac  de  Chambon,  are  also,  in  part,  derived  from  a  land-slip  which 
may  have  happened  at  the  time  of  the  great  eruption  which  formed 
the  cone. 

This  cone  of  Tartaret  affords  an  impressive  monument  of  the  very 
different  dates  at  which  the  igneous  eruptions  of  Auvergne  have 
happened ;  for  it  was  evidently  thrown  up  at  the  bottom  of  the 
existing  valley,  which  is  bounded  by  lofty  precipices  composed  of 
sheets  of  ancient  columnar  trachyte  and  basalt,  which  once  flowed  at 
very  high  levels  from  Mont  Dor.* 

♦  For  a  view  of  Puy  de  Tartaret  and  Mont  Dor,  see  Scrope's  Volcanos  of 
Central  France. 
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When  we  follow  the  course  of  the  river  Couze,  from  its  source  in 
the  lake  of  Chambon,  to  the  termination  of  the  lava-ciirrent  at 
Nechers,  a  distance  of  thirteen  miles,  we  find  that  the  torrent  has  in 
most  places  cut  a  de^p  channel  through  the  lava,  the  lower  portion 
of  which  is  columnar.  In  some  narrow  gorges  it  has  even  had  power 
to  remove  the  entire  mass  of  basaltic  rock,  though  the  work  of 
erosion  must  have  been  very  slow,  as  the  basalt  is  tough  and  hani, 
and  one  column  after  another  must  have  been  undermined  and  reduced 
to  pebbles,  and  then  to  sand.  During  the  time  required  for  this  ope- 
ration, the  perishable  cone  of  Tartaret,  composed  of  sand  and  ashes^ 
has  stood  uninjured,  proving  that  no  great  flood  or  deluge  can  have 
passed  over  this  region  in  the  interval  between  the  eruption  of 
Tartaret  and  our  own  times. 

If  we  now  return  to  the  section  (fig.  480.),  I  maj  observe  that  the 
lava-current  of  Tartaret,  which  has  diminished  greatly  in  height  and 
volume  near  its  termination,  presents  here  a  steep  and  perpendi- 
cular face  25  feet  in  height  towards  the  river.  Beneath  it  is  the 
alluvium  No.  9.,  consisting  of  a  red  sandy  clay,  which  must  have 
covered  the  bottom  of  the  valley  when  the  current  of  melted  rock 
flowed  down.  The  bones  found  in  this  alluvium,  which  I  obtained 
myself,  consisted  of  a  species  of  field-mouse,  Arvicola^  and  the  molar 
tooth  of  an  extinct  horse,  Equus  fossilis.  The  other  species,  obtained 
from  the  same  bed,  are  referable  to  the  genera  Sus^  BoSy  Certnis, 
Felisy  Canis,  Maries,  Talpa^  SorgXy  Lepus,  Sciurus^  Mus^  and  Z^- 
gomys,  in  all  no  less  than  forty-three  species,  all  closely  allied  to  recent 
animals,  yet  nearly  all  of  them,  according  to  M.  Bravard,  showing 
some  points  of  difierence,  like  those  which  Mr.  Owen  discovered  in 
the  case  of  the  horse  above  alluded  to.  The  bones,  also,  of  a  frog, 
snake,  and  lizard,  and  of  several  birds,  were  associated  with  the  fossils 
before  enumerated,  and  several  recent  land  shells,  such  as  Cyclostoma 
elegansy  Helix  hortetisis,  If.  nemoraliSj  H.  lapicida,  and  ClausUia 
rugoscu  K  the  animals  were  drowned  by  floods,  which  accompanied 
the  eruptions  of  the  Puy  de  Tartaret,  they  would  give  an  exceedinglj 
modern  geological  date  to  that  event,  which  must,  in  that  case,  have 
belonged  to  the  Newer-Pliocene,  or,  perhaps,  the  Post-Pliocene  period. 
That  the  current,  which  has  issued  from  the  Puy  de  Tartaret,  maj 
nevertheless^  be  very  ancient  in  reference  to  the  events  of  human 
history,  we  may  conclude,  not  only  from  the  divergence  of  the  mam. 
miferous  fauna  from  that  of  our  day,  but  from  the  fact  that  a  Roman 
bridge  of  such  form  and  construction  as  continued  in  use  down  to  the 
fifth  century,  but  which  may  be  older,  is  now  seen  at  a  place  about 
a  mile  and  a  half  from  St.  Nectaire.  This  ancient  bridge  spans  the 
river  Couze  with  two  arches,  each  about  14  feet  wide.  These  arches 
spring  from  the  lava  of  Tartaret,  on  both  banks,  showing  that  a 
ravine  precisely  like  that  now  existing,  had  already  been  excavated 
by  the  river  through  that  lava  thirteen  or  fourteen  centuries  ago. 

In  Central  France  there  are  several  hundred  minor  cones,  like  that 
of  Tartaret,  a  great  number  of  which,  like  Monte  Nuovo,  near  Naples, 
may  have  been  principally  due  to  a  single  eruption.     Most  of  these 
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cones  range  in  a  linear  direction  from  Auvergne  to  the  Yivarais,  and 
they  were  faithfully  described  so  early  as  the  year  1802,  by  M.  de 
Montlosier.  They  have  given  rise  chiefly  to  currents  of  basaltic 
lava.  Those  of  Auvergne  called  the  Monts  Dome,  placed  on  a 
granitic  platform,  form  an  irregular  ridge  (see  fig.  436.),  about 
18  miles  in  length  and  2  in  breadth.  They  are  usually  trun- 
cated at  the  summit,  where  the  crater  is  often  preserved  entire, 
the  lava  having  issued  from  the  base  of  the  hill.  But  frequently  the 
crater  is  broken  down  on  one  side,  where  the  lava  has  flowed  out. 
The  hills  are  composed  of  loose  BCori»»  blocks  of  lava,  lapilli,  and 
pozzuolana,  with  fragments  of  trachyte  and  granite. 

Puy  de  Come. — The  Puy  de  Come  and  its  lava-current,  near 
Clermont,  may  be  mentioned  as  one  of  these  minor  volcanos.  This 
conical  hill  rises  from  the  granitic  platform,  at  an  angle  of  about  40^, 
to  the  height  of  more  than  900  feet.  Its  summit  presents  two  distinct 
craters,  one  of  them  with  a  vertical  depth  of  250  feet.  A  stream  of 
lava  takes  its  rise  at  the  western  base  of  the  hill,  instead  of  issuing 
from  either  crater,  and  descends  the  granitic  slope  towards  the  present 
site  of  the  town  of  Pont  Gibaud.  Thence  it  pours  in  a  broad  sheet 
down  a  steep  declivity  into  the  valley  of  the  Sioule,  filling  the  ancient 
river-channel  for  the  distance  of  more  than  a  mile.  The  Sioule,  thus 
dispossessed  of  its  bed,  has  worked  out  a  fresh  one  between  the  lava 
and  the  granite  of  its  western  bank ;  and  the  excavation  has  disclosed, 
in  one  spot,  a  wall  of  columnar  basalt  about  50  feet  high.* 

The  excavation  of  the  ravine  is  still  in  progress,  every  winter  some 
columns  of  basalt  being  undermined  and  carried  down  the  channel  of 
the  river,  and  in  the  course  of  a  few  miles  rolled  to  sand  and  pebbles. 
Meanwhile  the  cone  of  Come  remains  stationary,  its  loose  materials 
being  protected  by  a  dense  vegetation,  and  the  hill  standing  on  a 
ridge  not  commanded  by  any  higher  ground  whence  floods  of  rain* 
water  may  descend. 

Puy  Rouge. — At  another  point,  farther  down  the  course  of  the 
Sioule,  we  find  a  second  iUustration  of  the  same  phenomenon  in  the 
Puy  Rouge,  a  conical  hill  to  the  north  of  the  village  of  Pranal.  The 
cone  is  composed  entirely  of  red  and  black  scorisB,  tufi*,  and  volcanic 
bombs.  On  its  western  side  there  is  a  worn-down  crater,  whence  a 
powerful  stream  of  lava  has  issued,  and  flowed  into  the  valley  of  the 
Sioule.  The  river  has  since  excavated  a  ravine  through  the  lava 
and  subjacent  gneiss,  to  the  depth  of  400  feet. 

On  the  upper  part  of  the  precipice  forming  the  leflt  side  of  this 
ravine,  we  see  a  great  mass  of  black  and  red  scoriaceous  lava ;  below 
this  a  thin  bed  of  gravel,  evidently  an  ancient  river-bd3,  now  at  an 
elevation  of  50  feet  above  the  channel  of  the  Sioule.  The  gravel 
again  rests  upon  gneiss,  which  has  been  eroded  to  the  depth  of  50 
feet.  It  is  quite  evident  in  this  case,  that,  while  the  basalt  was  gra- 
dually undermined  and  carried  away  by  the  force  of  running  water, 
the  cone  whence  the  lava  issued  escaped  destruction,  because  it  stood 

*  Scrope*8  Central  France,  p.  60.,  and  plate. 
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baT<;  f/maxuA  to  Bake  acntMtt  of  h  ia  ki§  Xstonl  ffiiiorr,  wir  the 
f^at^it  U>  intpc^laioe  Mme  aIl«aoB  to  h  anoes  tfc«  ^eseripCioBS  of  this 
Iri*  tUKtlm  prmace.  Tkif  poec'f  resiikace  wa$  ca  the  but  das  cf  die 
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riTer  bj  rj«i«  e4  the  mast  ■Kvieni  lara  cuiieyu.* 

Te/ajr, — Ttke  obserrstkn^  of  JL  Bertnikd  de  Done  baTe  not  jct 
tMUt^Ahkt^  that  anj  c^  the  mort  ancient  Toleanoa  of  Tdaj  woe  im 
M0Alfm  during  the  Eoeene  pericd.  There  are  beds  of  graT^d  in  Veia^y 
a*  in  Aurergne,  eorered  bj  lava  at  dHfigfient  heights  abore  the  cban- 
neb  of  tb«  existing  riren.  In  the  highest  and  moit  ancient  of  these 
alluviuuM  the  pebbks  are  exdosirelj  of  granitic  rocks;  but  in  the 
newfT,  which  are  fonnd  at  lower  ler^  and  which  originated  wbea 
tlf«  s7X\f,j%  had  been  cot  to  a  greater  depth,  an  intenniztnre  of  toI- 
canic  rfjck«  has  been  obfterred. 

At  Ht.  Prirat  d'Allicrr  a  bed  of  Tolcanic  seoric  and  toff  was  dis- 
erjv^rred  bj  Dr,  Hibbert,  inclosed  between  two  sheets  of  basaltic  laTm  ; 
and  in  thin  tuff  were  foand  the  bones  of  sereral  qoadmpeds,  some  of 
tfi^;fn  adhering  to  masses  of  slaggj  lava.  Among  other  animals  were 
llhintfceroM  leptorhinuM,  Hyctna  tpeliEO^  and  a  species  allied  to  the 
n\HjiU*A  hyaena  of  the  Cape,  together  with  four  undetermined  species 
c/f  d<;er.f  The  manner  of  the  occurrence  of  these  bones  reminds  on 
of  the  piiblistied  accounts  of  an  eruption  of  Coseguina,  1835,  in 
Ontral  America  (see  p.  399.),  during  which  hot  cinders  and  scorias 
fell  and  s<^rched  to  death  great  numbers  of  wild  and  domestic  •tiimalip 
and  birds. 

Plornh  du  Cantal. — In  regard  to  the  age  of  the  igneous  rocks  of 

•  I)/tii)M:ny  <m  Volcano*,  p.  14.  ore  given  by  ^L  Bcrtrand  de  Done,  Ann. 

t  K'lin.  Journ.  of  H<:i.,  No.  iv.  N.  S.    Dc  la  Soc  d'Agricult.  dePuy,  1828. 
p.  y70.   Kigurci  of  Mmie  of  thcae  remaiof 
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the  Cantal,  we  can  at  present  merely  affirm,  that  thej  overlie  the 
Eocene  lacustrine  strata  of  that  country  (see  Map,  p.  179.).  They 
form  a  great  dome-shaped  mass,  having  an  average  slope  of  only  4°, 
which  has  evidently  been  accumulated,  like  the  cone  of  Etna,  during 
a  long  series  of  eruptions.  It  is  composed  of  trachytic,  phonolitic, 
and  basaltic  lavas,  tuffs,  and  conglomerates,  or  breccias,  forming  a 
mountain  several  thousand  feet  in  height.  Dikes  also  of  phonolite» 
trachyte,  and  basalt  are  numerous,  especially  in  the  neighbourhood 
of  the  large  cavity,  probably  once  a  crater,  around  which  the  loftiest 
summits  of  the  Cantal  are  ranged  circularly,  few  of  them,  except  the 
Plomb  du  Cantal,  rising  far  above  the  border  or  ridge  of  this  sup- 
posed crater.  A  pyramidal  hill,  called  the  Fuy  Griou,  occupies  the 
middle  of  the  cavity.*  It  is  dear  that  the  volcano  of  the  Cantnl 
broke  out  precisely  on  the  site  of  the  lacustrine  deposit  before  de- 
scribed (p.  188.),  which  had  accumulated  in  a  depression  of  a  tract 
composed  of  micaceous  schist.  In  the  breccias,  even  to  the  very 
summit  of  the  mountain,  we  find  ejected  masses  of  the  freshwater 
beds,  and  sometimes  fragments  of  flint,  containing  Eocene  shells. 
Valleys  radiate  in  all  directions  from  the  central  heights  of  the 
mountain,  increasing  in  size  as  they  recede  from  those  heights.  Those 
of  the  Cer  and  Jourdanne,  which  are  more  than  20  miles  in  length, 
are  of  great  depth,  and  lay  open  the  geological  structure  of  the 
mountain.  No  alternation  of  lavas  with  undisturbed  Eocene  strata 
has  been  observed,  nor  any  tuffs  containing  freshwater  shells,  although 
some  of  these  tuffs  include  fossil  remains  of  terrestrial  plants,  said  to 
imply  several  distinct  restorations  of  the  vegetation  of  the  mountain 
in  the  intervals  between  great  eruptions.  On  the  northern  side  of 
the  Plomb  du  Cantal,  at  La  Vissiere,  near  Murat,  is  a  spot,  pointed 
out  on  the  Map  (p.  179.),  where  freshwater  limestone  and  marl  are 
seen  covered  by  a  thickness  of  about  800  feet  of  volcanic  rock.  Shifts 
are  here  seen  in  the  strata  of  limestone  and  marl.f 

Eocene  period, — In  treating  of  the  lacustrine  deposits  of  Central 
France,  in  the  fifteenth  chapter,  it  was  stated  that,  in  the  arenaceous 
and  pebbly  group  of  the  lacustrine  basins  of  Auvergne,  Cantal,  and 
Velay,  no  volcanic  pebbles  had  ever  been  detected,  although  massive 
piles  of  igneous  rocks  are  now  found  in  the  immediate  vicinity.  As 
this  observation  has  been  confirmed  by  minute  research,  we  are  war- 
ranted in  inferring  that  the  volcanic  eruptions  had  not  commenced 
when  the  older  subdivisions  of  the  freshwater  groups  originated. 

In  Cantal  and  Velay  no  decisive  proofs  have  yet  been  brought  to 
light  that  any  of  the  igneous  outbursts  happened  during  the  depo- 
sition of  the  freshwater  strata ;  but  there  can  be  no  doubt  that  in 
Auvero^ne  some  volcanic  explosions  took  place  before  the  drainage 
of  the  lakes,  and  at  a  time  when  the  Upper  Eocene  species  of  animals 
and  plants  still  flourished.  Thus,  for  example,  at  Pont  du  Chateau, 
near  Clermont,  a  section  is  seen  in  a  precipice  on  the  right  bank  of 

♦  Mem  de  la  Soc  Geol.  de  France,  f  See  Lyell  and  Mnrchison,  Ann.  des 
torn.  i.  p.  175.  Sci  Nat,  Oct.  1829. 
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Iff  t^>^  l//w^t  |Mirt  of  thij  diTisioo,  l>ed5  of  pare  marl  ahemate  iritk 
f'/^itjA/'t  fitAtU:  tuff,  resembling  some  of  the  sabaqaeoos  tnfi  of  Ita^ 
un4  HtnWj  csulUtd  pep^rinos*    Occasionallj  fragments  of  sooriiB 

*  M^  H^4i«*»  OtanA  Frmoct^  p.  21.  t  Ibid,  p.  7. 
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visible  in  this  rock.  Still  higher  is  seen  another  group  of  some 
thickness,  consisting  exclusively  of  tuff,  upon  which  lie  other  marlj 
strata  intermixed  with  volcanic  matter.  Among  the  species  of  fossil 
shells  which  I  found  in  these  strata  were  Melania  inquinata,  a  UniOj 
and  a  Melanopsis,  but  they  were  not  sufficient  to  enable  me  to  deter- 
mine with  precision  the  age  of  the  formation. 

There  are  many  points  in  Auvergne  where  igneous  rocks  have 
been  forced  by  subsequent  injection  through  clays  and  marly  lime- 
stones, in  such  a  manner  that  the  whole  has  become  blended  in  one 
confused  and  brecciated  mass,  between  which  and  the  basalt  there  is 
sometimes  no  very  distinct  line  of  demarcation.  In  the  cavities  of 
such  mixed  rocks  we  often  find  calcedony,  and  crystals  of  mesotype, 
stilbite,  and  arragonite.  To  formations  of  this  class  may  belong  some 
of  the  breccias  immediately  adjoining  the  dike  in  the  hill  of  Ger- 
govia ;  but  it  cannot  be  contended  that  the  volcanic  sand  and  scoris 
interstratified  with  the  marls  and  limestones  in  the  upper  part  of  that 
hill  were  introduced,  like  the  dike,  subsequently,  by  intrusion  from 
below.  They  must  have  been  thrown  down  like  sediment  from 
water,  and  can  only  have  resulted  from  igneous  action,  which  was 
going  on  contemporaneously  with  the  deposition  of  the  lacustrine 
strata. 

The  reader  will  bear  in  mind  that  this  conclusion  agrees  well  with 
the  proofs,  adverted  to  in  the  fifteenth  chapter,  of  the  abundance  of 
silex,  travertin,  and  gypsum  precipitated  when  the  upper  lacustrine 
strata  were  formed ;  for  these  rocks  are  such  as  the  waters  of  mineral 
and  thermal  springs  might  generate. 

Cretaceous  period.  —  Although  we  have  no  proof  of  volcanic  rocks 
erupted  in  England  during  the  deposition  of  the  chalk  and  green- 
sand,  it  would  be  an  error  to  suppose  that  no  theatres  of  igneous 
action  existed  in  the  cretaceous  period.  M.  Yirlet,  in  his  account 
of  the  geology  of  the  Morea,  p.  205.,  has  clearly  shown  that  certain 
traps  in  Greece,  called  by  him  ophiolites,  are  of  this  date ;  as  those, 
for  example,  which  alternate  conformably  with  cretaceous  limestone 
and  greensand  between  Kastri  and  Damala  in  the  Morea.  They 
consist  in  great  part  of  diallage  rocks  and  serpentine,  and  of  an  amyg- 
daloid with  calcareous  kernels,  and  a  base  of  serpentine. 

In  certain  parts  of  the  Morea,  the  age  of  these  volcanic  rocks  is 
established  by  the  following  proofs:  first,  the  lithographic  lime- 
stones of  the  Cretaceous  era  are  cut  through  by  trap,  and  then  a 
conglomerate  occurs,  at  Nauplia  and  other  places,  containing  in  its 
calcareous  cement  many  well-known  fossils  of  the  chalk  and  green- 
sand,  together  with  pebbles  formed  of  rolled  pieces  of  the  same  ophio- 
lite,  which  appear  in  the  dikes  above  alluded  to. 

Period  of  Oolite  andLicts,  —  Although  the  green  and  serpentinous 
trap  rocks  of  the  Morea  belong  chiefly  to  the  Cretaceous  era,  as  before 
mentioned,  yet  it  seems  that  some  eruptions  of  similar  rocks  began 
during  the  Oolitic  period  * ;  and  it  is  probable,  that  a  large  part  of 

*  Boblaje  and  Yirlet,  Morea,  p.  23. 
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wheel  is  about  twelve  feet,  and  the  polygonal  terminatioiiB  of  the 
_^    _^  columns  are  seen  round  the  circumference  (or  tire, 

aa  it  were,  of  the  wheel),  as  in  the  accompany- 
ing figure.  I  conceive  this  mass  to  be  the  ex- 
tremity  of  a  Btring  or  vein  of  greenstone,  which 
penetrated  the  tuff.  The  prisms  point  in  every 
direction,  becanse  they  were  surrounded  on  all 
aides  by  cooling  surfaces,  to  which  they  always 
arrange  themselves  at  right  angles,  aa  before  ex- 
lained  (p.  885.). 
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^Ktirja  expianatorr  cf  ibst  Mi  time  of  Fsr&nfcirer  afn  ajj  g|,^^ 
/^^  4%.,,  tiue  Tt^jUT  win  pgiLeite  t&ax  bedi  of  rnii|^kiBn  1  aii.^  Xol  3L 
<^i9:iir  in  the  nuriile  of  tbe  OU  Bed  —iijjiuul  i^ijcm^  1*  2»  dL  4. 

^raoitie  and  quartz  n-ji:k3y  luiairiiij  ezdnatreiy  of  iliftiuii 
^  tram  whieii,  ahhoo^ 
riften  iovaA  tHh/a  iaifiidiBg 
dikes  into  the  old  fMsfilenMB  tikslooe&.  Nol  4^  or  ahor^ttn^  with 
tbem  ia  coofomable  bediw  AH  tbe  diftient  ^TJiinaa  of  tbe  red 
gandftooe,  1,  2,  3,  4,  are  oecaaaoaDj  ialeiw.ted  bj  ^kea^  but  they 
ure  Terj  rare  in  Noa*  1.  and  2^  tibe  upper  MKmbtia  of  tbe  groap 
eonjiating  of  red  shale  and  red  iiwkfime  Theae  pbenoaMnn,  which 
oeeor  at  the  foot  of  the  Gru^MM^  are  repeated  in  tbe  SidtawOlls; 
I0id  it  appean  that  in  this  part  of  Seotiaad,  roleanie  emptioiis  were 
aM>0t  fre^ioent  in  the  carfier  part  of  tibe  Old  Bed  wiwIitoM  period. 

The  trap  rodU  aDoded  to  eonaiat  dtadtj  of  lUspatbie  porphjij 
and  amjgdaloid,  the  kemda  of  d^  latter  bebig  soawtiaMs  cnlcareooa. 
often  ea^otiSiOBai^  and  fonring  heaotifid  agates.  We  BMet  ntso  with 
clajiiV^ne,  clinkatooe,  greenrtone,  compact  fdspar,  and  tnfC  Some 
of  these  rocks  flowed  as  laras  orer  the  bottom  of  the  sea,  and  en- 
reloped  qoailx  pebbles  whidi  were  Ijing  there,  so  as  to  farm 
conglomerates  with  a  base  of  greenstone,  as  is  seen  in  Lomlej  Den, 
ID  the  Sidlaw  Hills.  On  either  side  of  the  axis  of  this  chain  of  hUls 
(see  section,  p.  48.),  the  beds  of  massiYC  trap,  and  the  taf&  oompoeed 
of  volcanic  sand  and  ashes,  dip  regularly  to  the  south-east  or  north-. 
west,  confonnablj  with  the  shales  and  sandstones. 

Silurian  period.— It  appears  from  the  investigations  of  Sir  R. 
Mnrchison  in  Shropshire,  that  when  the  lower  Silurian  straU  of  that 
county  were  accumulating,  there  were  frequent  volcanic  eruptions 
beneath  the  sea  ;  and  the  ashes  and  scoriae  then  ejected  gave  rise  to 
a  peculiar  kind  of  tufaceous  sandstone  or  grit,  dissimilar  to  the  other 
rocks  of  the  Silurian  series,  and  only  observable  in  places  where 
sycnitic  and  other  trap  rocks  protrude.  These  tuffs  occur  on  the 
flanks  of  the  Wrekin  and  Cacr  Caradoc,  and  contain  Silurian  fossils^ 
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such  as  casts  of  encrinites,  trilobites,  and  mollusca.  Although  fossil- 
iferous,  the  stone  resembles  a  sandy  claystone  of  the  trap  family.* 

Thin  layers  of  trap,  only  a  few  inches  thick,  alternate,  in  some 
parts  of  Shropshire  and  Montgomeryshire,  with  sedimentary  strata 
of  the  lower  Silurian  system.  This  trap  consists  of  slaty  porphyry 
and  granular  felspar  rock,  the  beds  being  traversed  by  joints  like 
those  in  the  associated  sandstone,  limestone,  and  shale,  and  having 
the  same  strike  and  dip.f 

In  Radnorshire,  there  is  an  example  of  twelve  bands  of  stratified 
trap,  alternating  with  Silurian  schists  and  flagstones,  in  a  thickness 
of  350  feet.  The  bedded  traps  consist  of  felspar-porphyry,  clink- 
stone, and  other  varieties ;  and  the  interposed  liandeilo  flags  are  of 
sandstone  and  shale,  with  trilobites  and  graptolites.]; 

The  vast  thickness  of  contemporaneous  trappean  rocks  of  lower 
Silurian  date  in  North  Wales,  explored  by  our  government  sur- 
veyors, has  been  already  alluded  to.§ 

Cambrian  volcanic  rocks. — Professor  Sedgwick,  in  his  account  of 
the  geology  of  Cumberland,  has  described  various  trap  rocks  which 
accompany  the  green  slates  of  the  Cambrian  system,  beneath  all  the 
rocks  containing  organic  remains.  Different  felspathic  and  por- 
phyritic  rocks  and  greenstones  occur,  not  only  in  dikes,  but  in 
conformable  beds ;  and  there  is  occasionally  a  passage  from  these 
igneous  rocks  to  some  of  the  green  quartzose  slates.  Professor 
Sedgwick  supposes  these  porphyries  to  have  originated  contempo- 
raneously with  the  stratified  chloritic  slates,  the  materials  of  the 
slates  having  been  supplied,  in  part  at  least,  by  submarine  eruptions 
oftentimes  repeated.) 

*  Mnrchison,    Silarian    System,    &c        1  Ibid.,  p.  825. 
p.  230.  I  Chap.  XXYU  p.  356. 

t  Ibid.,  p.  272.  U  G«oL  Trana,  2d  series,  toL  it.  p.  55. 
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wiiA  sn  a^  prrAmra  ^f^rspcioos  tt  tbe  cardk'f  smAatg  or  fc*^— ^ 
iKM  '/  nwy>oic*fcrafcfe  4ep«&.  Thej  defer  akD  W  tfe  akaoBce  of 
y/njk  or  ^wHakir  csThia,  lo  vkiek  tke  rui ■■!■!■  «f  tbe  CBta^UL 
gaui^  jriT^i  rm  im  or&amrj  kim.  FroM  Aese  sad  otfco'  peeafiaffities 
it  kjjt  U»n  hdlandf  tftot  the  gnaites  kare  beea  fciMuJ  si  cqb- 
•i4f!!nhle  4ief4&«  ia  tbe  cartk,  aad  baTe  rcwied  aad  nxinnia^d 
•iry«rlj  ottkr  gnat  fweiyi,  wbere  tbe  rnauinwl  gavi  coald  aoC 
lirxfiaik^  Tbe  Tolesaie  rorki,  oa  tbe  eoatnrr,  ihboagh  tbcj  al» 
bare  rijien  op  fraa  beloar,  bare  eooled  finm  a  adted  Hate  aionj 
rtfridlj  opon  <v  Dcar  tbe  suHaee^  From  tbis  hi  fMithfiiii  «f  the  great 
depth  at  whieh  tbe  graaitca  origiaated,  has  beea  dctiied  the  aane  of 
**P\aU/nic  roeks."  The  begianer  will  euSij  eonceiTe  that  the  in- 
fluence  crf  laHerranean  heat  aiajr  extend  doimwards  fiioBi  tbe  crater 
of  tfrtrj  Mtire  Tolcaoo  to  a  great  depth  bdov,  perfa^w  aeTcnl  aiilea 
or  le«^ae%  and  the  effeets  whidi  are  prodoced  deep  m  the  bowds  of 
tbe  earth  maj,  or  rather  mnst  be^  distinct;  so  that  Tolcanic  and 
pltiti>nic  rocksy  each  different  in  texture  and  sometimes  eren  in 
eorapositioD^  maj  originate  simnltaneoosljy  the  one  at  the  snrfiiee^ 
the  other  far  beneath  it 

hj  iome  wnterB^  all  the  rocks  now  under  consideration  hare  been 
eomf/r^Jiended  under  the  name  of  granite,  which  is^  then,  nnderstood 
to  embrace;  a  large  family  of  crystalline  and  compound  rocks^  nsnall^ 
found  utnhir\y\ng  all  other  formations ;  whereas  we  have  seen  that 
trap  \tiry  c^^mmonly  overlies  strata  of  different  ages.  Grranite  often 
preserres  a  rerj  uniform  character  throughout  a  wide  range  of 
territory,  forming  hills  of  a  peculiar  rounded  form,  usually  dad  with 


Ch.  XXXm.]        GENERAL  ABPSCT  OF   QRAKITE.  437 

a  scanty  vegetation.  The  surface  of  the  rock  ia  for  the  most  part  in 
a  crumbling  state,  and  the  hills  are  oflen  surmounted  by  piles  of 
•stones  like  the  remains  of  a  stratified  mass,  as  in  the  annexed  figure, 
and  sometimes  tike  heaps  of  boulders,  for  which  they  have  been 


mistttkeii.  The  exterior  of  these  atones,  originally  quadrangular, 
acquires  a  rounded  form  by  the  action  of  air  and  water,  for  the  edges 
and  angles  waste  away  more  rapidly  than  the  sides.  A  similar 
spherical  structure  has  already  been  described  as  characteristic  of 
basalt  and  other  volcanic  formations,  and  it  must  be  referred  to 
analc^ous  causes,  as  yet  but  imperfectly  understood. 

Although  it  ia  the  general  peculiarity  of  granite  to  assume  no 
definite  shapes,  it  is  nevertheless  occauonally  subdivided  by  fissures, 
BO  as  to  assume  a  cuboidal,  and  even  a  columnar,  structure.  Ex- 
amples of  these  appearances  may  be  seen  near  the  Land's  End,  in 
CornwalL    (See  figure.) 

F1C.4SS. 


The  plulonic  fonnationB  also  agree  with  the  volcanic,  in  having 
veins  or  ramifications  proceeding  from  central  niaassa  into  the  ad- 
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joining  rocks,  and  caonng  altentiona  in  these  last,  wliicb  will  be 
preaentlj  described.  Tbej  also  resemble  trap  in  coatainii^  no 
organic  remuna  ;  bat  tbej  differ  in  being  more  mnform  in  textnr^  • 
whole  monntain  masKs  of  indefinite  extent  appearing  to  hare  ori- 
ginated under  conditiona  precisely  nmilar.  Tbej  also  differ  in  nervr 
being  icariaceoas  or  smjgdaloidal,  and  never  fonmng  a  porpfarrT 
with  an  uocrjataQine  base,  or  alternating  with  tnffs.  Nor  do  ihej 
form  conglomerates,  although  there  is  sometimes  an  insennble  p«auge 
from  a  fine  to  a  coarse-grained  granite,  and  occanooallf  patches  of  • 
fine  texture  are  imbedded  in  a  coarser  Tarietj. 

Felspar,  quartz,  and  mica  are  tunally  conndered  as  the  minerals 
essential  to  granite^  the  felspar  b^ng  most  abimdant  in  qoantity,  and 
tbe  proportion  of  quartz  exceeding  that  of  mica.  These  minerals  are 
united  in  what  ia  termed  a  confoaed  cryatslli^tioB ;  that  is  to  say, 
there  is  no  regular  arrangement  of  the  cryatals  in  granite,  as  in 
gneiai  (see  fig.  486.},  except  in  the  variety  termed  gr^^c  granite^ 


which  occurs  mostly  in  granitic  veins.  Thia  variety  ia  a  compoand 
of  felspar  and  quartz,  so  arranged  as  to  produce  an  imperfect  laminar 
structure.     The  crystals  of  felspar  appear  to  have  been  first  formed. 


leaving  between  them  the  space  now  occupied  by  the  darker -coloured 
quarU.  Iliia  mineral,  when  a  aection  ia  made  at  right  angles  to  the 
alternate  plates  of  felspar  and  quartz,  presents  broken  lines,  which 
have  been  compared  to  Hebrew  characters. 

As  a  general  role,  quarti^  in  a  compact  or  amorphous  state,  forms 
a  vitreous  mass,  serving  as  the  base  in  which  felspar  and  mica  have 
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crjstalliited ;  for  although  these  mineraU  are  much  more  fusible  (han 
silex,  they  have  oFtea  impriDted  their  shapes  upon  the  quartz.  This 
fact,  apparentlj  bo  paradoxical,  has  given  rise  to  much  ingenious 
speculation.  We  should  naturallj  have  anticipated  that,  during  the 
cooling  of  the  mass,  the  flinty  portion  would  be  the  first  to  coo- 
Bolidate  ;  and  that  the  different  varieties  of  felspar,  as  well  as  gamete 
and  tourmalines,  being  more  easily  liquified  by  heat,  would  be  the 
last.  Precisely  the  reverse  has  taken  place  in  the  passage  of  most 
granitic  aggregates  from  a  fluid  to  a  solid  state,  crystals  of  the  more 
fusible  minerals  being  found  enveloped  in  hard,  transparent,  glassy 
quartz,  which  has  often  taken  very  faithful  oasts  of  each,  so  as  to 
preserve  even  the  microscopically  minute  striatioos  on  the  surface  of 
prisms  of  tourmaline.  Various  explanations  of  this  phenomenon 
have  been  proposed  by  MM.  de  Beaumont,  Fournet,  and  Durocher. 
They  refer  to  M.  Gaudin's  experiments  on  the  fusion  of  quartz, 
which  show  that  silex,  as  it  cools,  has  the  property  of  remaining  in  a 
viscous  state,  whereas  alumina  never  dt>es.  This  "  gelatinous  flint " 
is  supposed  to  retain  a  considerable  degree  of  plasticity  long  after 
the  granitic  mixture  has  acquired  a  low  temperature ;  and  M.  E.  de 
Beaumont  suggests,  that  electric  action  may  prolong  the  duration  of 
the  viscosity  of  silex.  Occasionally,  however,  we  find  the  quartz  and 
felspar  mutually  imprinting  their  forms  on  each  other,  affording 
evidence  of  the  simultaneous  crystallization  of  both.* 

PorpAyritie  granite. — This  name  has  been  sometimes  given  to 
that  variety  in  which  large  crystals  of  felspar,  sometimea  more  than 
3  inches  in  length,  are  scattered  through  an  ordinary  base  of  granite. 
An  example  of  this  texture  may  be  seen  in  the  granite  of  the  Land's 
End,  in  Cornwall  (fig.  489.).     The  two  larger  prismatic  crystals  in 


this  drawing  represent  felspar,  smaller  crystals  of  which  are  also 
seen,  similar  in  form,  scattered  through  the  base.  lu  this  base  also 
appear  black  specks  of  mica,  the  crystals  of  which  have  a  more  or 
less  perfect  hexagonal  outline.  The  remainder  of  the  mass  is  quartz, 
the  translnceacy  of  which  is  strongly  contrasted  to  the  opaqueness  of 
the  white  felspar  and  black  mica.  But  neither  the  transparency  of 
the  quartz,  nor  the  silvery  lustre  of  the  mica,  can  be  expressed  in  the 
engraving. 

•  Balletiii,3dt&iie,lv.  13(H.t  sndAnhiM^Hiit.  deaFrogi:^deGeol.,L3a. 
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The  uniform  mineral  character  of  large  masses  of  granite  aeems 
to  indicate  that  large  quantities  of  the  component  elements  were 
thoroughly  mixed  up  together,  and  then  crystallized  under  preciBelj 
similar  conditions.  There  are,  however,  many  accidental,  or  ^  occa^ 
sional,"  minerals,  as  they  are  termed,  which  belong  to  granite- 
Among  these  black  schorl  or  tourmaline,  actinolite,  zircon,  garnet^ 
and  fluor  spar,  are  not  uncommon ;  but  they  are  too  sparingly  dis- 
persed to  modify  the  general  aspect  of  the  rock.  They  show,  never- 
theless, that  the  ingredients  were  not  everywhere  exactly  the  same  ; 
and  a  still  greater  variation  may  be  traced  in  the  ever-varying  pro- 
portions of  the  felspar,  quartz,  and  mica. 

Syenite. — When  hornblende  is  the  substitute  for  mica,  which  is 
very  commonly  the  case,  the  rock  becomes  Syenite :  so  called  fixxa 
the  celebrated  ancient  quarries  of  Syene  in  Egypt.  It  has  all  the 
appearance  of  ordinary  granite,  except  when  mineralogically  eic- 
amined  in  hand  specimens,  and  is  fully  entitled  to  rank  as  a  geo- 
logical member  of  the  same  plutonic  family  as  granite.  Syenite, 
however,  after  maintaining  the  granitic  character  throughout  ex- 
tensive regions,  is  not  uncommonly  found  to  lose  its  quartz,  and  to 
pass  insensibly  into  syenitic  greenstone,  a  rock  of  the  trap  family. 
Werner  considered  syenite  as  a  binary  compound  of  felspar  and 
hornblende,  and  regarded  quartz  as  merely  one  of  its  ocoasional 
minerals. 

Syenitic-granite.  —  The  quadruple  compound  of  quartz,  felspar, 
mica,  and  hornblende,  may  be  so  termed.  This  rock  occurs  in  Scot- 
land and  in  Guernsey. 

Talcose  granite^  or  Protogine  of  the  French,  is  a  mixture  of  fel- 
spar, quartz,  and  talc.  It  abounds  in  the  Alps,  and  in  some  parts  of 
Cornwall,  producing  by  its  decomposition  the  china  clay,  more  than 
12,000  tons  of  which  are  annually  exported  from  that  country  for 
the  potteries.* 

Schorl  rock,  and  tchorly  granite. — The  former  of  these  is  an 
aggregate  of  schorl,  or  tourmaline,  and  quartz.  When  felspar  and 
mica  are  also  present,  it  may  be  called  schorly  granite.  This  kind  of 
granite  is  comparatively  rare. 

Eurite.  — A  rock  in  which  all  the  ingredients  of  granite  are  blended 
into  a  finely  granular  mass.  Cry^ls  of  quartz  and  mica  are  some- 
times scattered  through  the  base  of  Eurite. 

Pegmatite. — A  name  given  by  French  writers  to  a  variety  of 
granite;  a  granular  mixture  of  quartz  and  felspar;  frequent  in 
granite  veins ;  passes  into  graphic  granite. 

All  these  granites  pass  into  certain  kinds  of  trap,  a  circumstance 
which  affords  one  of  many  arguments  in  favour  of  what  is  now  the 
prevailing  opinion,  that  the  granites  are  also  of  igneous  origin.  The 
contrast  of  the  most  crystalline  form  of  granite,  to  that  of  the  most 
common  and  earthy  trap,  is  undoubtedly  great ;  but  each  member  of 
the  volcanic  cltos  is  capable  of  becoming  porphyritic,  and  the  base  of 
the  porphyry  may  be  more  and  more  crystalline,   until  the  mass 

*  Boase  on  Primary  Geology,  p.  16. 
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passes  to  tlie  kind  of  granite  most  nearly  allied  in  mineral  com- 
position. 

The  minerals  which  constitute  alike  the  granitic  and  volcanic 
rocks,  consist^  almost  exclusivelj,  of  seven  elements,  namely,  silica, 
alumina,  magnesia,  lime,  soda^  potash,  and  iron;  and  these  may 
sometimes  exist  in  about  the  same  proportions  in  a  porous  lava,  a 
compact  trap,  or  a  crystalline  granite.  It  may  perhaps  be  found,  on 
farther  examination  —  for  on  this  subject  we  have  yet  much  to  learn 
—  that  the  presence  of  these  elements  in  certain  proportions  is  more 
favourable  than  in  others  to  their  assuming  a  crystalline  or  true 
granitic  structure ;  but  it  is  also  ascertained  by  experiment,  that  the 
same  materials  may,  under  different  circumstances,  form  very  dif- 
ferent rocks.  The  same  lava,  for  example,  may  be  glassy,  or  scori- 
aceous,  or  stony,  or  porphyritic>  according  to  the  more  or  less  rapid 
rate  at  which  it  cools ;  and  some  trachytes  and  syenitic-greenstones 
may  doubtless  form  granite  and  syenite,  if  the  crystallization  take 
place  slowly. 

It  has  also  been  suggested  that  the  peculiar  nature  and  structure 
of  granite  may  be  due  to  its  retaining  in  it  that  water  which  is  seen 
to  escape  from  lavas  when  they  cool  slowly,  and  consolidate  in  the 
atmosphere.  Bontigny's  experiments  have  shown  that  melted  matter, 
at  a  white  heat,  requires  to  have  its  temperature  lowered  before  it 
can  vapourize  water  ;  and  such  discoveries,  if  they  fail  to  explain  the 
manner  in  which  granites  have  been  formed,  serve  at  least  to  remind 
us  of  the  entire  distinctness  of  the  conditions  under  which  plutonic 
and  volcanic  rocks  must  be  produced.* 

It  would  be  easy  to  multiply  examples  and  authorities  to  prove 
the  gradation  of  the  granitic  into  the  trap  rocks.  On  the  western 
side  of  the  fiord  of  Christiania,  in  Norway,  there  is  a  large  district 
of  trap,  chiefly  greenstone-porphyry,  and  syenitic-greenstone,  resting 
on  fossiliferous  strata.  To  this,  on  its  southern  limit,  succeeds  a 
region  equally  extensive  of  syenite,  the  passage  from  the  volcanic  to 
the  plutonic  rock  being  so  gradual  that  it  is  impossible  to  draw  a 
line  of  demarcation  between  them. 

*<  The  ordinary  granite  of  Aberdeenshire,"  says  Dr.  MacCuUoch, 
"is  the  usual  ternary  compound  of  quartz,  felspar,  and  mica;  but 
sometimes  hornblende  is  substituted  for  the  mica.  But  in  many 
places  a  variety  occurs  which  is  composed  simply  of  felspar  and 
hornblende;  and  in  examining  more  minutely  this  duplicate  com- 
pound, it  is  observed  in  some  places  to  assume  a  fine  grain,  and  at 
length  to  become  undistinguishable  from  the  greenstones  of  the  trap 
family.  It  also  passes  in  the  same  uninterrupted  manner  into  a 
basalt,  and  at  length  into  a  soft  claystone,  with  a  schistose  tendency 
on  exposure,  in  no  respect  differing  from  those  of  the  trap  islands  of 
the  western  coast."  f  The  same  author  mentions,  that  in  Shetland, 
a  granite  composed  of  hornblende,  mica,  felspar,  and  quartz,  graduates 
in  an  equally  perfect  manner  into  basalt.]; 

*  Balletin,  toL  iv.,  ad  ser.,  pp..l318.        f  ^J^  <>f  QeoL,  toL  i  p.  157. 
and  1320.  t  Ibid.,  p.  158. 
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In  Hungary  there  are  varieties  of  trachyte,  which,  geologically 
speaking,  are  of  modem  origin,  in  which  crystals,  not  only  of  mica, 
hut  of  quartz,  are  common,  together  with  felspar  and  homhlende. 
It  is  easy  to  conceive  how  such  volcanic  masses  may,  at  a  certain 
depth  from  the  surface,  pass  downwards  into  granite. 

I  have  already  hinted  at  the  close  analogy  in  the  forms  of  certain 
granitic  and  trappean  veins ;  and  it  will  be  found  that  strata  pene- 
trated by  plutonic  rocks  have  suffered  changes  very  similar  to  those 
exhibited  near  the  contact  of  volcanic  dikes.  Thus,  in  Glen  Tilt,  in 
Scotland,  alternating  strata  of  limestone  and  argillaceous  schist  come 
in  contact  with  a  mass  of  granite.  The  contact  does  not  take  place 
as  might  have  been  looked  for,  if  the  granite  had  been  formed  there 
before  the  strata  were  deposited,  in  which  case  the  section  would 
have  appeared  as  in  fig.  490. ;  but  the  union  is  as  represented  in 


Fig.  490. 


Fig.  491. 


Junction  of  granite  and  arglUaoeoiu  achist  in  Glen 
TUt.    (HacCuUocli.)* 

fig.  491.,  the  undulating  outline  of  the  granite  intersecting  different 
strata,  and  occasionally  intruding  itself  in  tortuous  veins  into  the 
beds  of  clay-slate  and  limestone,  from  which  it  differs  so  remarkably 
in  composition.  The  limestone  is  sometimes  changed  in  character 
by  the  proxijnity  of  the  granitic  mass  or  its  veins,  and  acquires  a 
more  compact  texture,  like  that  of  homstone  or  chert,  with  a  splintery 
fracture,  effervescing  feebly  with  acids. 

The  annexed  diagram  (fig.  492.)  represents  another  junction,  in 
the  same  district,  where  the  g^ranite  sends  forth  so  many  veins  as  to 
reticulate  the  limestone  and  schist,  the  veins  diminishing  towards 
their  termination  to  the  thickness  of  a  leaf  of  paper  or  a  thread.  In 
some  places  fragments  of  granite  appear  entangled,  as  it  were,  in  the 
limestone,  and  are  not  visibly  connected  with  any  larger  mass ; 
while  sometimes,  on  the  other  hand,  a  lump  of  the  limestone  is  found 
in  the  midst  of  the  granite.  The  ordinary  colour  of  the  limestone  of 
Glen  Tilt  is  lead  blue,  and  its  texture  large-grained  and  highly 
crystalline;  but  where  it  approximates  to  the  granite,  particularly 
where  it  is  penetrated  by  the  smaller  veins,  the  crystalline  texture 
disappears,  and  it  assumes  an  appearance  exactly  resembling  that  of 
homstone.  The  associated  argillaceous  schist  often  passes  into 
hornblende  slate,  where  it  approaches  very  near  to  the  granitcf 

*  OeoL  Trans.,  l8t  series,  ToLiilpL  21.       t  MacCulloch,  GeoL  Trans.,  voLiii 

p.  259. 
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The  conversion  of  the  limestone  in  these  and  many  other  instances 
into  a  siliceous  rock,  effervescing  slowlj  with  acide^i  would  be  diffl- 
colt  of  explanation,  were  it  not  ascertained  that  such  limestones  are 
always  impure,  containing  grains  of  qnortz,  mica,  or  felspar  dis- 
seminated through  them.  The  elements  of  these  minerals,  when  the 
rock  has  been  subjected  to  great  heat,  may  have  been  fused,  and  so 
spread  more  uniformly  through  the  whole  mass. 

Id  the  ptutonic,  as  in  the  volcanic  rocks, 
there  is  every  gradation  from  a  tortuous 
vein  to  the  most  regular  form  of  a  dik^ 
such  as  intersect  the  tnffs  and  lavas  of 
Vesuvina  and  Etna.  Dikes  of  granite 
may  be  seen,  among  other  places,  on  the 
southern  dank  of  Monnt  Battock,  one  of 
the  Grampians,  the  opposite  walb  some- 
times preserving  an  exact  parallelism  for 
a  considerable  distance. 

As  a  general  rule,  however,  granite  veins 
in  all   quarters  of   the  globe  are   more 
ainuoua  in  their  course  than  those  of  trap. 
>,'  •;,<  '<    They  present  similar  shapes  at  the  most 
''  northern  point  of  Scotland,  and  the  south- 

^<7oiwii    emmost  extremity  of  Africa,  as  the  an- 
nexed drawings  will  show. 
•  Capt.aHaIl,Traa&B<>r.  Boe.£dh^ToLTiL 
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It  is  not  uncommon  for  one  set  of  granite  vdns  to  intersect  another ; 
and  sometimes  there  are  three  sets,  as  in  the  environs  of  Heidel- 
berg, where  the  granite  on  the  banks  of  the  river  Necker  ia  seen 
to  consist  of  three  varieties,  differing  in  colour,  grain,  and  varioas 
peculiarities  of  minend  composition.  One  of  these,  which  is  evi- 
to  cut  through  an  older  granite  ; 
and  another,  still  nevrer,  traverses 
both  the  second  and  the  first. 

In  Shetland  there  are  two  kinds 
of  granite.  One  of  them,  com- 
posed of  hornblende,  mica,  fel- 
spar, and  quartz,  is  of  a  daik 
colour,  and  is  seen  underljing 
gneiss.  The  other  is  a  red  granite, 
which  penetrates  the  dark  variety 
everywhere  in  veins.* 

The  accompanying  ahetches 
wilt  explain  the  manner  in  which 
granite  veins  often  ramify  and 
cut  each  other  (figs.  494.  and  495.).  They  represent  the  manner 
in  which  the  gneiss  at  Cape  Wratii,  in   Sutherlandshire,  is   inter- 


(Daiu.  Cipa  WrUh. 


»>nlii(  (Hlit  at  Cip*  Wnth,  la 


sected  by  veins.  Their  light  colour,  strongly  contrasted  with  that  of 
the  hornbtende>schist,  here  associated  with  the  gn^ss,  renders  them 
very  conspicuous. 

Granite  very  generally  assumes  a  finer  grain,  and  undergoes  a 
change  in  mineral  composition,  in  the  v^os  which  it  sends  into 
contiguous  rocka.  Thus,  according  to  Professor  Sedgwick,  the  main 
body  of  the  Cornish  granite  is  an  aggregate  of  mica,  quarts,  and 
felspar ;  but  the  veins  are  sometimes  without  mica,  being  a  granular 
aggregate  of  quartz  and  felspar.  In  other  varieties  quartz  prevails 
to  the  almost  entire  exclusion  both  of  felspar  and  mica ;  in  others, 
the  mica  and  quartz  both  disappear,  and  the  vein  is  simply  compoeed 
of  white  granular  felspar.} 

■  MkcColloch,  Sjrt.  of  OeoL,  vol  L 
P.5S. 

t  WcMem  Iilandi,  pL  31. 
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Fig.  496.  ia  a  sketch  of  a  group  of  granite  veins  in  Cornwall, 

given  b;  Messrs.  Von  OeynliauBen  and  Ton  Dechen.*    The  miun 


Cnniu  nln)  pMilog  thn>ii(li  katDMmdi  lUtf.  CinutlTn  Cow,  Comill. 


body  of  the  granite  here  is  of  a  porphyritic  appearance,  with  large 
crystals  of  felspar ;  but  in  the  veins  it  is  ftne-gruned,  and  without 
these  large  crystals.  The  general  height  of  the  veins  is  from  16  to 
20  feet,  but  some  are  much  higher. 

In  the  Valorsine,  a  valley  not  far  from  Mont  Blanc  in  Switzerland, 
an  ordinary  granite,  consisting  of  felspar,  quartz,  and  mica,  sends 
forth  veins  into  a  talcose  gneiss  (or  stratified  protogine),  and  in  some 
places  lateral  ramifications  are  thrown  oS  from  the  principal  veins  at 
right  angles  (see  fig.  497.),  the  veins,  especially  the  minute  ones, 
being  finer  grained  than  the  granite  in  mass. 


M«k(r.) 


It  is  here  remarked,  that  the  schist  and  granite,  as  they  approach, 
seem  to  exercise  a  reciprocal  influence  on  each  other,  for  both 
undergo  a  modification  of  mineral  character.  The  granite,  still 
remaining  unstratified,  becomes  charged  with  green  particles;  and 
the  talcose  gneiss  assumes  a  granitiform  structure  without  losing  its 
stratification.'!' 

*  niiL  M>g.  and  Annals,  So.  97.  new  H^m.  de  la  Soc  de  Fhya  de  Gfinire, 
Ktiet,  Mareh,  1SS9.  1698.     I  viiiied,  !d  1832,  tiie  (pot  r»- 

f  Hecker,  nr  la  TaL  de  Tabnin^    fttnd  to  in  Sg.  497.  ^ 
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Frofesfor  EeilltKa  drew  mj  atteatiaa  to  Krenl  localitiea  is  the 
CODntry  near  Chiistunia,  when  the  mina«l  dunet^  of  gnOM 
appears  to  hive  bees  «ff«rted  bj  a  franiic  of  mnch  newer  origin,  for 
Moe  distance  from  the  point  of  eootact.  Tlx  pima,  vitfaoot  kxing 
its  laminated  stmetore.  wans  to  have  becoaM  dtaijcd  with  a  larger 
qnaaiiij  of  fe^wr.  and  that  of  a  redder  eoloar,  tlnn  the  fd^par 
BfuallT  belonging  to  the  gneiu  of  Norwaj. 

Granite,  fTcnite,  and  tboce  porphjTiet  wbid  have  a  gnnitHom 
structure,  in  short  all  platoBie  rocka.  are  freqaentlj  oben  i  ud  to 
cuQiaia  metak.  at  or  near  their  jsnctka  with  ctraiified  forawlxNia. 
On  the  other  hand,  the  Tcinj  which  travene  nntified  mAa  ar%  a* 
a  ^B«ral  law,  bkik  iiK(aIliien>as  near  «Kh  jtinctiaaa  than  in  other 
[OKdons.  Hence  it  ha*  been  infened  thai  these  ■ilili  may  have 
be^n  jKvad  in  a  ^smums  (urm  thnMfh  the  fwed  mam,  and  tint  tha 
«\v:tav-:  if*  aaotfaer  roefc,  ia  a  dilvivat  stale  of  w^pctatnrc^  or  aoue- 
tisies  tbe  exigence  at  rests  in  mher  reeks  in  the  rionitj,  maj  hare 
««» jii>t  the  sablisaiiiNi  «4'  the  f  TiU  * 

Therv  are  aaai-  i=£(aao».  as  at  Maikerad.  near  Chriatiania,  in 
KvVwaT,  where  the  scrihe  ai  the  beds  has  not  been  derailed  throngh- 
iwi  a  laree  ana  hr  the  iaimwM  ef  gTv:he.  bcch  ia  la^e  Maaaes  and 
in  ««;:«$.  This  ^i  »  -veRij^wl  by  Kee  fcok^isxa  to  Militate  gainst 
the  th«\VT  04'  :>>e  ^<nn^^  l=>Kt>n  ^V  crashe  in  a  dnid  date.  Bnt  it 
MMy  tv  Haled  ia  ivph-,  thai  raai^ins  i^ket  «f  trap.  vUch  almoct  all 
iti>«r  ait^tt  tt>  haTv  been  ooor  flaid,  pae  thiMo^  the  ^^k  fiwwilirenim 
sirti^  near  Cbristiaaia,  withoot  deranging  their  mike  or  £p.f 

l'^^  real  or  appaj^nt  iiiJatka  of  Ui^  or  saall  Maaoea  of  granite 
>Vta>.-h«d  iPMB  tbe  main  bodj,  ai  at  ai,  fig.  496L.  and  above,  fig. 492., 

fls-W- 


and  A,  Rg.  4in^  has  lieen  thought  by  some  writers  to  be  iirecoD- 
dlabl':  with  the  doctrine  usually  taught  respecting  tods  ;  but  toanj  of 
th*;tn  may,  in  fact,  be  sections  of  root -shaped  prolongations  of  granita  ; 
while,  in  othnr  cases,  they  may  in  reality  be  detached  portitna  of 
rode  liaving  the  plutonic  structure.  For  there  may  have  been  spots 
in  tli<:  mi'lst  of  the  inrsded  strata,  in  which  there  was  an  sssemUaga 
lit  matirrials  more  fusible  than  the  res^  or  more  fitted  to  combine 
readily  into  some  form  of  granite. 

id's     Gks    Nomgicat 
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Veins  of  pure  quartz  are  often  found  in  granite,  aa  in  nianj  stratified 
rocks,  but  they  are  not  traceable,  like  veins  of  granite  or  trap,  to 
large  bodies  of  rock  of  similar  composition.  They  appear  to  have 
been  cracks,  into  which  siliceous  matter  was  infiUered.  Such  segre- 
gation, as  it  ia  called,  can  sometimes  be  shown  to  have  clearly  taken 
place  long  subsequently  to  the  original  consolidation  of  the  contain- 
ing rock.  Thus,  for  example,  in  the  gneiss  of  Tronstad  Strand,  near 
Drammen,  in  Xorway,  the  annexed  section  is  seen  on  the  beach.  It 
appears  that  the  alternating  strata  of  whitish  granitiform  gneiss,  and 
black  hornblende-schist,  were  first  cut  through  by  a  greenstone  dike, 
about  2^  feet  wide ;  then  the  crack  ab  passed  through  all  these  rocks, 
and  was  filled  up  with  quartz.  The  opposite  wiills  of  the  vein  are  in 
some  parts  incrusted  with  transparent  crystals  of  quartz,  the  middle 
of  tlie  vein  being  filled  up  with  common  opaque  white  quartz. 

f^,  4M  We  have  seen  that  the  volca- 

nic formations  have  been  called 
overlying,  because  they  not  onlj 
penetrate  others,  but  spread 
'  over  them.  Mr.  Necker  has 
proposed  to  call  the  granites 
the  underlying  igneous  rocks, 
and  the  distinction  here  indi- 
cated is  highly  characteristic. 
It  was  indeed  supposed  by  some 

,  „  ,        ,    ...     J.  _  ,      J of  the  earlier  observers,  that  the 

■toae,  Tnuiui  Hinna,  niir  cbdiUuU.  gnuiite  01  Chnatiania,  in  Nor- 

way, was  intercalated  in  mountain  masses  between  the  primary  or 
paleozoic  strata  of  that  country,  so  as  to  overlie  fossiliferous  shale  and 
limestone.  But  although  the  granite  sends  veins  into  these  fossil- 
iferous rocks,  and  is  decidedly  posterior  in  origin,  its  actual  super- 
position in  mass  has  been  disproved  by  Professor  Keilhau,  whose 
observations  on  this  controverted  point  I  had  opportunities  in  1837 
of  verifying.  There  are,  however,  on  a  smaller  scale,  certain  beds 
of  euritic  porphyry,  some  a  few  feet,  others  many  yards  in  thickness, 
which  pass  into  granite,  and  deserve  perhaps  to  be  classed  as  plutonic 
rather  than  trappean  rocks,  which  may  truly  be  described  as  inter- 
posed conformably  between  fossiliferous  strata,  as  the  porphyries 
(a  c,  fig.  500.),  which  divide  the  bituminous  shales  and  orgiUaceooB 


limestones,//:     But  some  of  these  same  porphyries  are  partially  un- 
conformable, as  b,  and  may  lead  us  to  saspect  that  the  Athers  also. 
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notwithstanding  tbeir  appearance  of  interstratification,  bave  been 
forcibly  injected.  Some  of  tbe  porphjritic  rocks  above  mentioiied 
are  highly  qaartzofie»  others  very  felspathic  In  proportion  as  tbe 
masses  are  more  ToluminooSy  they  become  more  granitic  in  tbeir 
texture,  less  conformable,  and  even  begin  to  send  forth  yeins  into 
contiguous  strata.  In  a  word,  we  haTe  here  a  beautiful  iUostratioa 
of  the  intermediate  gradations  between  volcanic  and  plutonic  rocfcs^ 
not  only  in  their  mineralogical  composition  and  structure,  but  also  in 
their  relations  of  position  to  associated  formations.  If  the  term  over* 
lying  can  in  this  instance  be  applied  to  a  plutonic  rock,  it  is  only  in 
proportion  as  that  rock  begins  to  acquire  a  trappean  aspect. 

It  has  been  already  hinted  that  the  heat,  which  in  every  active 
volcano  extends  downwards  to  indefinite  depths,  must  produce  simol- 
taneously  very  different  effects  near  the  surface,  and  far  below  it ; 
and  we  cannot  suppose  that  rocks  resulting  from  the  erystallizing  of 
fused  matter  under  a  pressure  of  several  thousand  feet,  much  less 
miles,  of  the  earth's  crust  can  resemble  those  formed  at  or  near  the 
surface.  Hence  the  production  at  great  depths  of  a  class  of  rocks 
analogous  to  the  volcanic,  and  yet  differing  in  many  particulars^ 
might  almost  have  been  predicted,  even  had  we  no  plutonic  form- 
ations to  account  for.  How  well  these  agree,  both  in  their  positive 
and  negative  characters,  with  the  theory  of  their  deep  subterranean 
origin,  the  student  will  be  able  tojudge  by  considering  the  descriptions 
already  given^ 

It  has,  however,  been  objected,  that  if  the  granitic  and  volcanic 
rocks  were  simply  different  parts  of  one  great  series,  we  ought  to  find 
in  mountain  chains  volcanic  dikes  passing  upwards  into  lava,  and 
downwards  into  granite.  But  we  may  answer,  that  our  vertical 
sections  are  usually  of  small  extent ;  and  if  we  find  in  certain  places 
a  transition  from  trap  to  porous  lava,  and  in  others  a  passage  from 
granite  to  trap,  it  is  as  much  as  could  be  expected  of  this  evidence. 

The  prodigious  extent  of  denudation  which  has  been  already  de- 
monstrated to  have  occurred  at  former  periods,  will  reconcile  the 
student  to  the  belief  that  crystalline  rocks  of  high  antiquity,  although 
deep  in  the  earth's  crust  when  originally  formed,  may.  have  become 
uncovered  and  exposed  at  the  surface.  Their  actual  elevation  above 
the  sea  may  be  referred  to  the  same  causes  to  which  we  have  at- 
tributed the  upheaval  of  marine  strata,  even  to  the  summits  of  some 
mountain  chains.  But  to  these  and  other  topics,  I  shall  revert  when 
speaking,  in  the  next  chapter,  of  the  relative  ages  of  difierent  masses 
of  granite. 
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CHAPTER  XXXIV. 

ON  THE  DIFFERENT  AGES  OF  THE  FLUTONIO  BOCKS. 

Difficulty  in  ascertaining  the  predse  age  of  a  plntonic  rock —  Test  of  age  hj  relative 
position — Test  hy  intrusion  and  alteration — Test  hj  mineral  composition — 
Test  bj  included  fragments — Recent  and  Pliocene  plutonic  rocks,  whjr  invisible 
— Tcrtiaiy  plutonic  rocks  in  the  Andes — Granite  altering  Cretaceous  rocks — 
Granite  altering  Lias  in  the  Alps  and  in  Skje — Granite  of  Dartmoor  altering 
Carboniferous  strata — Granite  of  the  Old  Bed  sandstone  period — Syenite  altering 
Silurian  strata  in  Norway — Blending  of  the  same  with  gneiss — Most  ancient 
plutonic  rocks — Granite  protruded  in  a  solid  form — On  the  probable  age  of  the 
granites  of  Arran,  in  Scotland. 

When  we  adopt  the  igneous  theory  of  granite,  as  explained  in  the 
last  chapter,  and  believe  that  different  plutonic  rocks  have  originated 
at  successiye  periods  beneath  the  surface  of  the  planet,  we  must  be 
prepared  to  encounter  greater  difficulty  in  ascertaining  the  precise 
age  of  such  rocks,  than  in  the  case  of  volcanic  and  fossiliferous 
formations.  We  must  bear  in  mind,  that  the  evidence  of  the  age  of 
each  contemporaneous  volcanic  rock  was  derived,  either  from  lavas 
poured  out  upon  the  ancient  surface,  whether  in  the  sea  or  in  the 
atmosphere,  or  from  tuffs  and  conglomerates,  also  deposited  at  the 
surface,  and  either  containing  organic  remains  themselves,  or  inter- 
calated between  strata  containing  fossils.  But  all  these  tests  fail 
when  we  endeavour  to  fix  the  chronology  of  a  rock  which  has 
crystallized  from  a  state  of  fusion  in  the  bowels  of  the  earth.  In  that 
case,  we  are  reduced  to  the  following  tests:  1st,  relative  position  ; 
2dly,  intrusion,  and  alteration  of  the  rocks  in  contact ;  3dly,  mineral 
characters  ;  4thly,  included  fragments. 

Test  of  age  by  relative  position. — Unaltered  fossiliferous  strata  of 
every  age  are  met  with  reposing  immediately  on  plutonic  rocks ;  as 
at  Christiania,  in  Norway,  where  the  Newer  Pliocene  deposits  rest 
on  granite ;  in  Auvergne,  where  the  freshwater  Eocene  strata,  and 
at  Heidelberg,  on  the  Rhine,  where  the  New  Red  sandstone,  occupy 
a  similar  place.  In  all  these,  and  similar  instances,  inferiority  in 
position  is  connected  with  the  superior  antiquity  of  granite.  The 
crystalline  rock  was  solid  before  the  sedimentary  beds  were  super- 
imposed, and  the  latter  usually  contain  in  them  rounded  pebbles  of 
the  subjacent  granite. 

Test  hy  intrusion  and  alteration. — But  when  plutonic  rocks  send 
veins  into  strata,  and  alter  them  near  the  point  of  contact,  in  the 
manner  before  described  (p.  442.),  it  is  clear  that,  like  intrusive 
traps,  they  are  newer  than  the  strata  which  they  invade  and  alter. 
Examples  of  the  application  of  this  test  will  be  given  in  the  sequel. 

Test  by  mineral  composition, — Notwithstanding  a  general  uni- 
formity in  the  aspect  of  plutonic  rocks,  we  have  seen  in  the  last 
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chapter  that  there  are  Mil  J  Tiriedea,  goA  m  Syemte,  Taleoae  gi  MJle^ 
and  ocL<rs.  One  of  these  Tsrietiea  is  socBetimes  fiMind  exdboiTi^^ 
yrervlm^  duoogbont  an  extensTe  regioii,  where  h  pieagnca  a 
iMfDOgeiKom  dkaraeter ;  io  that  haTing  ascertsiDed  its  relatiTe  age 
in  <»e  place,  we  can  easflj  recognize  its  identitj  in  others  and  thos 
determine  from  a  single  aectioo  the  chroookigical  relatioiis  of  large 
motmtain  mafflca,  Haring  ofaserred,  for  example^  that  the  sjenitie 
granite  cf  Xorwaj,  in  which  the  mineral  called  xircoQ  ahoands^  has 
altered  the  SOnrian  strata  whererer  it  is  in  contact,  we  do  noC 
hesitate  to  refer  othermasKS  of  the  same  xircon-sjcnite  in  the  aovth 
of  Norwaj  to  the  same  era. 

Some  have  imagined  that  the  age  of  diflerent  granites  miglit^  to  a 
great  extent,  be  determined  bj  their  mineral  characters  alone ;  sjenite^ 
lor  instance,  or  granite  with  h<»iiblende^  being  more  modem  than 
oommon  or  micaceoos  granite.  Bat  modem  inTcstigations  hare  prored 
these  generalizations  to  hare  been  premature.  The  sjenitie  granite 
of  Norway  alreadj  alladed  to  maj  be  of  the  same  age  as  the  Silorian 
strata,  wldch  it  traverses  and  alters,  or  maj  belong  to  the  Old  Bed 
sandstone  period;  whereas  the  granite  of  Dartmoor,  although  con- 
sisting of  mica,  qnartz,  and  felqiar,  is  newer  than  the  ooaL  (See 
p.  4'56.) 

Test  by  indudtd  fragwkenU, — This  criterion  can  rarely  be  of  much 
importance,  because  the  fragments  involyed  in  granite  are  usnallj  so 
much  altered,  that  they  cannot  be  referred  with  certainty  to  the  rocks 
whence  they  were  derived.  In  the  White  Mountains,  in  North 
America,  according  to  Professor  Hubbard,  a  granite  vein  traTcrsing 
granite,  contains  fragments  of  slate  and  trap,  which  must  have  fallen 
into  the  fissure  when  the  fused  materials  of  the  vein  were  injected 
from  below  *,  and  thus  the  granite  is  shown  to  be  newer  than  certain 
superficial  slaty  and  trappean  formations. 

Recent  and  Fliocene  plutonie  rocks,  why  invisible. — The  explana- 
tion already  given  in  the  29th  and  in  the  last  chapter,  of  the  probable 
relation  of  the  plutonie  to  the  volcanic  formations,  wiU  naturally  lead 
the  reader  to  infer,  that  rocks  of  the  one  class  can  never  be  produced 
at  or  near  the  surface  without  some  members  of  the  other  being 
formed  below  simultaneously,  or  soon  afterwards.  It  is  not  un- 
common for  lava-streams  to  require  more  than  ten  years  to  cool  in 
the  open  air ;  and  where  they  are  of  great  depth,  a  much  longer 
period.  The  melted  matter  poured  from  Jorullo,  in  Mexico,  in  the 
year  1769,  which  accumulated  in  some  places  to  the  height  of  550 
feet,  was  found  to  retain  a  high  temperature  half  a  century  after  the 
eruption. f  We  may  conceive,  therefore,  that  great  masses  of  sub- 
terranean lava  may  remain  in  a  red-hot  or  incandescent  state  in  the 
volcanic  foci  for  immense  periods,  and  the  process  of  refrigeration 
may  bo  extremely  gradual.  Sometimes,  indeed,  this  process  may  be 
rctar(1e<l  for  an  indefinite  period,  by  the  accession  of  fresh  supplies  of 
heat ;  for  we  find  that  the  lava  in  the  crater  of  Stromboli,  one  of  the 

♦  SilUman'i  Journ.,  No.  69.  p.  123.        f  See  **  Principles,"  Index,  "  Jomlla'* 
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Lipari  Islands,  has  been  in  a  state  of  constant  ebullition  for  the  last 
two  thousand  jears ;  and  we  maj  suppose  this  fluid  mass  to  com- 
municate with  some  caldron  or  reservoir  of  fused  matter  below.  In 
the  Isle  of  Bourbon,  also,  where  there  has  been  an  emission  of  lava 
once  in  every  two  jears  for  a  long  period,  the  lava  below  can  scarcely 
fail  to  have  been  permanently  in  a  state  of  liquefaction.  If  then  it 
be  a  reasonable  conjecture,  that  about  2000  volcanic  eruptions  occur 
in  the  course  of  every  century,  either  above  the  waters  of  the  sea  or 
beneath  them*,  it  will  follow,  that  the  quantity  of  plutonic  rock 
generated,  or  in  progress  during  the  Recent  epoch,  must  already  have 
been  considerable. 

But  as  the  plutonic  rocks  originate  at  some  depth  in  the  earth's 
crust,  they  can  only  be  rendered  accessible  to  human  observation,  by 
subsequent  upheaval  and  denudation.  Between  the  period  when  a 
plutonic  rock  crystallizes  in  the  subterranean  regions,  and  the  era  of 
its  protrusion  at  any  single  point  of  the  surface,  one  or  two  geological 
periods  must  usually  intervene.  Hence,  we  must  not  expect  to  find 
the  Recent  or  Newer  Pliocene  granites  laid  open  to  view,  unless  we 
are  prepared  to  assume  that  sufficient  time  has  elapsed  since  the 
commencement  of  the  Newer  Pliocene  period  for  great  upheaval  and 
denudation*  A  plutonic  rock,  therefore,  must,  in  general,  be  of  con- 
siderable antiquity  relatively  to  the  fossiliferous  and  volcanic  forma- 
tions, before  it  becomes  extensively  visible.  As  we  know  that  the 
upheaval  of  land  has  been  sometimes  accompanied  in  South  America 
by  volcanic  eruptions  and  the  emission  of  lava,  we  may  conceive  the 
more  ancient  plutonic  rocks  to  be  forced  upwards  to  the  surface  by 
the  newer  rocks  of  the  same  class  formed  successively  below, — sub- 
terposition  in  the  plutonic,  like  superposition  in  the  sedimentary 
rocks,  being  usually  characteristic  of  a  newer  origin. 

In  the  accompanying  diagram  (fig.  601.),  an  attempt  is  made  to 
show  the  inverted  order  in  which  sedimentary  and  plutonic  formations 
may  occur  in  the  earth's  crust. 

The  oldest  plutonic  rock.  No.  L,  has  been  upheaved  at  successive 
periods  until  it  has  become  exposed  to  view  in  a  mountain-chain. 
This  protrusion  of  No.  I.  has  been  caused  by  the  igneous  agency 
which  produced  the  newer  plutonic  rocks  Nos.  II.  III.  and  IV. 
Part  of  the  primary  fossiliferous  strata,  No.  1.,  have  also  been  raised 
to  the  surface  by  the  same  gradual  process.  It  will  be  observed  that 
the  Recent  strata  No.  4.,  and  the  Recent  granite  or  plutonic  rock 
No.  IV.,  are  the  most  remote  from  each  other  in  position,  although 
of  contemporaneous  date.  According  to  this  hypothesis,  the  con- 
vulsions of  many  periods  will  be  required  before  Recent  granite  will 
be  upraised  so  as  to  form  the  highest  ridges  and  central  axes  of 
mountain-chains.  During  that  time  the  Recent  strata  No.  4.  might 
be  covered  by  a  great  many  newer  sedimentary  formations. 

Eocene  granite  and  plutonic  rocks, — In  a  former  part  of  this 
volume  (p.  205.),  the  great  nummulitic  formation  of  the  Alps  and 

*  «*  Frindples,**  Index,  **  Volcanic  Eniptioiw.'* 
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Pjrenees  was  referred  to  the  Eocene  period,  and  it  follows  that  those 
vast  movements^  which  have  raised  fossiliferous  rocks  from  the  level 
of  the  sea  to  the  height  of  more  than  10,000  feet  above  its  level 
have  taken  place  since  the  commencement  of  the  tertiary  epoch. 
Here,  therefore,  if  anjrwhere,  we  might  expect  to  find  hypogene  for- 
mations of  Eocene  date  breaking  out  in  the  central  axis  or  most 
disturbed  region  of  the  loftiest  chain  in  Europe.  Accordingly,  in  the 
Swiss  Alps,  even  the  flyschy  or  upper  portion  of  the  nummulitic 
series,  has  been  occasionally  invaded  by  plutonic  rocks,  and  converted 
into  crystalline  schists  of  the  hypogene  class.  There  can  be  little 
doubt  that  even  the  talcose  granite  of  Mont  Blanc  itself  has  been  in 
a  fused  or  pasty  state  since  the  flysch  was  deposited  at  the  bottom 
of  the  sea ;  and  the  question  as  to  its  age  is  not  so  much  whether  it 
be  a  secondary  or  tertiary  granite,  as  whether  it  should  be  assigned 
to  the  Eocene  or  Miocene  epoch. 

Great  upheaving  movements  have  been  experienced  in  the  region 
of  the  Andes,  during  the  Post-Pliocene  period.  In  some  part,  there- 
fore, of  this  chain,  we  may  expect  to  discover  tertiary  plutonic 
rocks  laid  open  to  view.  What  we  already  know  of  the  structure  of 
the  Chilian  Andes  seems  to  realize  this  expectation.  In  a  trans- 
verse section,  examined  by  Mr.  Darwin,  between  Valparaiso  and 
Mendoza,  the  Cordillera  was  found  to  consist  of  two  separate  and 
parallel  chains,  formed  of  sedimentary  rocks  of  different  ages,  the 
strata  in  both  resting  on  plutonic  rocks,  by  which  they  have  been 
altered.  In  the  western  or  oldest  range,  called  the  Peuquenes,  are 
black  calcareous  clay-slates,  rising  to  the  height  of  nearly  14,000  feet 
above  the  sea,  in  which  are  shells  of  the  genera  Gryphcsay  Turri- 
tellay  Terebraiula,  and  Ammonite,  These  rocks  are  supposed  to  be 
of  the  age  of  the  central  parts  of  the  secondary  series  of  Europe. 
They  are  penetrated  and  altered  by  dikes  and  mountain  masses  of  a 
plutonic  rock,  which  has  the  texture  of  ordinary  granite,  but  rarely 
contains  quartz,  being  a  compound  of  albite  and  hornblende. 

The  second  or  eastern  chain  consists  chiefly  of  sandstones  and 
conglomerates,  of  vast  thickness,  the  materials  of  which  are  derived 
from  the  ruins  of  the  western  chain.  The  pebbles  of  the  conglome- 
rates are,  for  the  most  part,  rounded  fragments  of  the  fossiliferous 
slates  before  mentioned.  The  resemblance  of  the  whole  series  to 
certain  tertiary  deposits  on  the  shores  of  the  Pacific,  not  only  in 
mineral  character,  but  in  the  imbedded  lignite  and  silicified  wood, 
leads  to  the  conjecture  that  they  also  are  tertiary.  Yet  these  strata 
are  not  only  associated  with  trap  rocks  and  volcanic  tufiB,  but  are  also 
altered  by  a  granite  consisting  of  quartz,  felspar,  and  talc*  They  are 
traversed,  moreover,  by  dikes  of  the  same  granite,  and  by  numerous 
veins  of  iron,  copper,  arsenic,  silver,  and  gold ;  all  of  which  can  be 
traced  to  the  underlying  granite.*  We  have,  therefore,  strong 
ground  to  presume  that  the  plutonic  rock,  here  exposed  on  a  large 
scale  in  the  Chilian  Andes,  is  of  later  date  than  certain  tertiary  for- 
mations. 

*  Darwin,  pp.  390.  406.  ;  second  edition,  p.  319. 
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But  the  theorj  adopted  in  this  work  of  the  subterranean  origin  of 
the  hjpogene  formations  would  be  untenable,  if  the  supposed  fact 
here  alluded  to,  of  the  appearance  of  tertiary  granite  at  the  surface 
was  not  a  rare  exception  to  the  general  rule.  A  considerable  lapse 
of  time  must  intervene  between  the  formation  in  the  nether  r^ona 
of  plutonic  and  metamorphic  rocks,  and  their  emergence  at  the  sur- 
face. For  a  long  series  of  subterranean  movements  must  occur 
before  such  rocks  can  be  uplifted  into  the  atmosphere  or  the  ocean ; 
and,  before  thej  can  be  rendered  visible  to  man,  some  strata  which 
previously  covered  them  must  usually  have  been  stripped  o£f  by  de- 
nudation. 

We  know  that  in  the  Bay  of  Baias,  in  1538,  in  Cutch  in  1819, 
and  on  several  occasions  in  Peru  and  Chili,  since  the  commencement 
of  the  present  century,  the  permanent  upheaval  or  subsidence  of  land 
has  been  accompanied  by  the  simultaneous  emission  of  lava  at  one  or 
more  points  in  the  same  volcanic  region.  From  these  and  other 
examples  it  may  be  inferred  that  the  rising  or  sinking  of  the  earth's 
crust,  operations  by  which  sea  is  converted  into  land,  and  land  into 
sea,  are  a  part  only  of  the  consequences  of  subterranean  igneous 
action.  It  can  scarcely  be  doubted  that  this  action  consists,  in  a  great 
degree,  of  the  baking,  and  occasionally  the  liquefaction,  of  rocks, 
causing  them  to  assume,  in  some  cases  a  larger,  in  others  a  smaller 
volume  than  before  the  application  of  heat.  It  consists  also  in  the 
generation  of  gases,  and  their  expansion  by  heat,  and  the  injection 
of  liquid  matter  into  rents  formed  in  superincumbent  rocks.  The 
prodigious  scale  on  which  these  subterranean  causes  have  operated 
in  Sicily  since  the  deposition  of  the  Newer  Pliocene  strata  will  be 
appreciated,  when  we  remember  that  throughout  half  the  sur&ce  of 
that  island  such  strata  are  met  with,  raised  to  the  height  of  from  50 
to  that  of  2000  and  even  3000  feet  above  the  level  of  the  sea.  In 
the  same  island  also  the  older  rocks  which  are  contiguous  to  these 
marine  tertiary  strata  must  have  undergone,  within  the  same  period, 
a  similar  amount  of  upheaval 

The  like  observations  may  be  extended  to  nearly  the  whole  of 
Lurope,  for,  since  the  commencement  of  the  Eocene  period,  the 
entire  European  area,  including  some  of  the  central  and  very  lofty 
portions  of  the  Alps  themselves,  as  I  have  elsewhere  shown  *,  has, 
with  the  exception  of  a  few  districts,  emerged  from  the  deep  to  its 
present  altitude  ;  and  even  those  tracts,  which  were  already  dry  land 
before  the  Eocene  era,  have  almost  everywhere  acquired  additional 
height.  A  large  amount  of  subsidence  has  also  occurred  during  the 
same  period,  so  that  the  extent  of  the  subterranean  spaces  which  have 
either  become  the  receptacles  of  sunken  fragments  of  the  earth's  crusty 
or  have  been  rendered  capable  of  supporting  other  fragments  at  a  mnoh 
greater  height  than  before,  must  be  so  great  that  they  probably  eqnal, 
if  not  exceed  in  volume,  the  entire  continent  of  Europe.  We  are 
entitled,  therefore,  to  ask  what  amount  of  change  of  equivalent  iia*> 

*  See  map  of  Europe  and  czplanation,  in  Principles,  book  i. 
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portance  can  be  proved  to  have  occurred  in  the  earth's  crust  within 
an  equal  quantity  of  time  anterior  to  the  Eocene  epoch.  Thej  who 
contend  for  the  more  intense  energy  of  subterranean  causes  in  the 
remoter  eras  of  the  earth's  history,  may  find  it  more  difficult  to  give 
an  answer  to  this  question  than  they  anticipated. 

The  principal  effect  of  volcanic  action  in  the  nether  regions,  during 
the  tertiary  period,  seems  to  have  consisted  in  the  upheaval  to  the 
surface  of  hypogene  formations  of  an  age  anterior  to  the  carboni- 
ferous. The  repetition  of  another  series  of  movements,  of  equal  vio- 
lence, might  upraise  the  plutonic  and  metamorphic  rocks  of  many 
secondary  periods  ;  and  if  the  same  force  should  still  continue  to  act, 
the  next  convulsions  might  bring  up  to  the  day  the  tertiary  and 
recent  hypogene  rocks.  In  the  course  of  such  changes  many  of  the 
existing  sedimentary  strata  would  suffer  greatly  by  denudation, 
others  might  assume  a  metamorphic  structure,  or  become  melted 
down  into  plutonic  and  volcanic  rocks.  Meanwhile  the  deposition 
of  a  vast  thickness  of  new  strata  would  not  fail  to  take  place  during 
the  upheaval  and  partial  destruction  of  the  older  rocks.  But  I  must 
refer  the  reader  to  the  last  chapter  but  one  of  this  volume  for  a 
fuller  explanation  of  these  views. 

Cretaceous  period. — It  will  be  shown  in  the  next  chapter  that 
chalk,  as  well  as  lias,  has  been  altered  by  granite  in  the  eastern 
Pyrenees.    Whether  such  granite  be  cretaceous  or  tertiary  cannot 

easily  be  decided.     Suppose  b,  c^  dyto 
^S'f^'l  be  three  members  of  the  Cretaceous 

series,  the  lowest  of  which,  6,  has-  been 
altered  by  the  granite  A,  the  modify- 
ing influence  not  having  extended  so 
far  as  c,  or  having  but  slightly  affected 
its  lowest  beds.    Now  it  can  rarely  be 
possible    for   the   geologist  to  decide 
whether  the  beds  d  existed  at  the  time  of  the  intrusion  of  A,  and 
alteration  of  b  and  c,  or  whether  they  were  subsequently  thrown 
down  upon  c. 

As  some  Cretaceous  rocks,  however,  have  been  raised  to  the  height 
of  more  than  9000  feet  in  the  Pyrenees,  we  must  not  assume  that 
plutonic  formations  of  the  same  age  may  not  have  been  brought  up 
and  exposed  by  denudation,  at  the  height  of  2000  or  3000  feet  on  the 
flanks  of  that  chain. 

Period  of  Oolite  and  Lmu. — In  the  department  of  the  Hautes 
Alpes,  in  France,  near  Yizille,  M.  Elie  de  Beaumont  traced  a  blad^ 
argillaceous  limestone,  charged  with  belemnites,  to  within  a  few  yards 
of  a  mass  of  granite.  Here  the  limestone  begins  to  put  on  a  granular 
texture,  but  is  extremely  fine-grained.  When  nearer  the  junction  it 
becomes  grey,  and  has  a  saccharoid  structure.  In  another  locality, 
near  Cbampoleon,  a  granite  composed  of  quartz,  black  mica,  and 
rose-coloured  felspar,  is  observed  partly  to  overlie  the  secondary 
rocks,  producing  an  alteration  which  extends  for  about  80  feet 
downwards^  diminishing  in  the  beds  which  lie  fiirthest  from  thd 
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granite.  (See  fig.  503.)  la 
the  altered  mass  the  argil- 
laceous beds  are  hardened, 
the  limestone  is  saccharoid, 
the  gritz  quortzose,  and  in 
the  midst  of  them  ia  a 
thin  layer  of  an  imperfect 
granite.  It  ia  also  an  im- 
portant circumstance  that 
near  the  point  of  contact, 
both  the  granite  and  the 
secondary  rocka  become 
metalliferous,  and  coo  tain 
nests  and  small  veina  of 
blendei  galena,  iron,  and 
copper  pyrites.  The  stra- 
'—  tified  rocks  become  harder 
and  more  crystalline,  bat 
the  granite,  on  the  contrary,  softer  and  less  perfectly  crystallized 
near  the  junction.' 

Although  the  granite  is  incumbent  in  the  above  section  (fig.  303.), 
we  cannot  assume  that  it  overfiowed  the  strata,  for  the  disturbances 
of  the  rocke  are  so  great  in  this  part  of  the  Alps  that  they  seldom 
retain  the  position  which  they  must  originally  have  occupied. 

A  considerable  mass  of  syenite,  in  the  Isle  of  Skye,  is  described  by 
Dr.  MacCulloch  as  intersecting  limestone  and  shale,  which  are  of  the 
age  of  the  lias-f  The  limestone,  which,  at  a  greater  distance  from 
the  granite,  contains  shells,  exhibits  no  traces  of  them  near  its 
junction,  where  it  has  been  converted  into  a  pure  crystalline  marble.^ 
At  PredazBO,  in  the  Tyrol,  secondary  strata,  some  of  which  are 
limestones  of  the  Oolitic  period,  hare  been  traversed  and  altered  by 
plutonic  rocks,  one  portion  of  which  is  an  augitic  porphyry,  which 
passes  insensibly  into  granite.  The  limestone  is  changed  into  gra- 
nular marble,  with  a  band  of  serpentine  at  the  junction. § 

Carboniferous  period.  —  The  granite  of  Dartmoor,  in  Devonshire, 
was  formerly  supposed  to  be  one  of  the  most  ancient  of  the  plutonic 
rocks,  but  is  now  ascertuned  to  be  posterior  in  date  to  the  culm- 
measures  of  that  county,  which,  from  their  position,  and  as  containing 
true  coal-plants,  are  regarded  by  Professor  Sedgwick  and  Sir  R. 
Murcbison  as  members  of  the  true  carboniferous  series.  This  granite, 
like  the  syeuitic  granite  of  Christianis,  has  broken  through  the  stra- 
tified formations  without  much  changing  their  strike.  Hence,  on  the 
north-west  side  of  Dartmoor,  the  successive  members  of  the  culm- 
measures  abut  against  the  granite,  and  become  metamorphic  as  they 

*  Elie  de  Beaumont,  mr  lea  Montagnea        J  Western  Islends,  toL  L  p.  33a  plaM 
de  I'OiBans,  &o.   Mom.  da  la  Soc.  d'Hiit.     IB.,  fi|      '    " 
N«.  de  Fttrifl,  lom.  v. 

t  Se«   Mumhison,    GeoL   Trans,,  3d 
ieti«B,voLiLpart  ii.pp.311 — 331. 
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approach.  These  strata  are  also  penetrated  bj  granite  veins,  and 
plutonic  dikes,  called  "elvans."*  The  granite  of  Cornwall  is  pro- 
bably of  the  same  date,  and,  therefore,  as  modern  as  the  Carboniferous 
strata,  if  not  much  newer. 

Silurian  period.  —  It  has  long  been  known  that  the  granite  near 
Christiania,  in  Norway,  is  of  newer  origin  than  the  Silurian  strata  of 
that  region.  Yon  Buch  first  announced,  in  1813,  the  discovery  of  its 
posteriority  in  date  to  limestones  containing  orthocerata  and  trilobites. 
The  proofs  consist  in  the  penetration  of  granite  veins  into  the  shale 
and  limestone,  and  the  alteration  of  the  strata,  for  a  considerable  dis- 
tance from  the  point  of  contact,  both  of  these  veins  and  the  central 
mass  from  which  they  emanate.  (See  p.  447.)  Yon  Buch  supposed 
that  the  plutonic  rock  alternated  with  the  fossiliferous  strata,  and 
that  large  masses  of  granite  were  sometimes  incumbent  upon  the 
strata ;  but  this  idea  was  erroneous,  and  arose  from  the  fact  that  the 
beds  of  shale  and  limestone  often  dip  towards  the  granite  up  to  the 
point  of  contact,  appearing  as  if  they  would  pass  under  it  in  mass,  as 
at  a,  ^g.  504.,  and  then  again  on  the  opposite  side  of  the  same 
mountain,  as  at  b,  dip  away  from  the  same  granite.  When  the 
junctions,  however,  are  carefully  examined,  it  is  found  that  the  plu- 
tonic rock  intrudes  itself  in  veins,  and  nowhere  covers  the  fossiliferous 
strata  in  large  overlying  masses,  as  is  so  commonly  the  case  with 
trappean  formations.^ 

Fig.  501. 
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Now  this  granite,  which  is  more  modem  than  the  Silurian  strata  of 
Norway,  also  sends  veins  in  the  same  country  into  an  ancient  forma- 
tion of  gneiss ;  and  the  relations  of  the  plutonic  rock  and  the  gneiss, 
at  their  junction,  are  full  of  interest  when  we  duly  consider  the  wide 
difference  of  epoch  which  must  have  separated  their  origin. 

The  length  of  this  interval  of  time  is  attested  by  the  following 
facts :  —  The  fossiliferous,  or  transition  beds,  rest  unconformably 
upon  the  truncated  edges  of  the  gneiss,  the  inclined  strata  of  which 
had  been  disturbed  and  denuded  before  the  sedimentary  beds  were 
superimposed  (see  fig.  505.).     The  signs  of  denudation  are  twofold ; 

Fig.  50ft. 


GneiM.  Granite.  Gneiii. 

Granite  sending  reins  Into  Silurian  strata  and  Gneiss,— Christiania,  Norwaj. 

•  Proceedings  of  OeoL  See.,  toL  1L    works  of  Keilhan,  with  whom  I  examined 
p.  562.  this  coantry. 

t  See  the  Gbsa  Norvegica  and  other 
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first,  the  surface  of  the  gneiss  is  seen  occasionallj,  on  the  remoyal  of 
the  newer  beds,  containing  organic  remains,  to  be  worn  and  smoothed ; 
secondly,  pebbles  of  gneiss  have  been  found  in  some  of  the  transition 
strata.  Between  the  origin,  therefore,  of  the  gneiss  and  the  granite 
there  intervened,  first,  the  period  when  the  strata  of  gneiss  were  in- 
clined ;  secondly,  the  period  when  thej  were  denuded ;  thirdly,  the 
period  of  the  deposition  of  the  transition  deposits.  Yet  the  granite 
produced,  after  this  long  interval,  is  often  so  intimately  blended  with 
the  ancient  gneiss,  at  the  point  of  junction,  that  it  is  impossible  to 
draw  any  other  than  an  arbitrary  line  of  separation  between  them ; 
and  where  this  is  not  the  case,  tortuous  veins  of  granite  pass  freely 
through  gneiss,  ending  sometimes  in  threads,  as  if  the  older  rock  had 
ofiered  no  resistance  to  their  passage.  It  teems  necessary,  therefore, 
to  conceive  that  the  gneiss  was  softened  and  more  or  less  melted 
when  penetrated  by  the  granite.  But  had  such  junctions  alone  been 
visible,  and  had  we  not  learnt,  from  other  sections,  how  long  a  period 
elapsed  between  the  consolidation  of  the  gneiss  and  the  injection  of 
this  granite,  we  might  have  suspected  that  the  gneiss  was  scarcely 
solidified,  or  had  not  yet  assumed  its  complete  metamorphic  character, 
when  invaded  by  the  plutonic  rock.  From  this  example  we  may 
learn  how  impossible  it  is  to  conjecture  whether  certain  granites  in 
Scotland,  and  other  countries,  which  send  veins  into  gneiss  and  other 
metamorphic  rocks,  are  primary,  or  whether  they  may  not  belong  to 
some  secondary  or  tertiary  period. 

Oldest  granites.  —  It  is  not  half  a  century  since  the  doctrine  was 
very  general  that  all  granitic  rocks  were  primitive^  that  is  to  say,  that 
they  originated  before  the  deposition  of  the  first  sedimentary  strata, 
and  before  the  creation  of  organic  beings  (see  above,  p.  9.).  But  so 
greatly  are  our  views  now  changed,  that  we  find  it  no  easy  task  to 
point  out  a  single  mass  of  granite  demonstrably  more  ancient  than  all 
the  known  fossiliferous  deposits.  Could  we  discover  some  Lower 
Cambrian  strata  resting  immediately  on  granite,  there  being  no  alter- 
ations at  the  point  of  contact,  nor  any  intersecting  granitic  veins,  we 
might  then  affirm  the  plutonic  rock  to  have  originated  before  the 
oldest  known  fossiliferous  strata.  Still  it  would  be  presumptuous 
to  suppose  that  when  a  small  part  only  of  the  globe  has  been  inves- 
tigated, we  are  acquainted  with  the  oldest  fossiliferous  strata  in  the 
crust  of  our  planet.  Even  when  these  are  found,  we  cannot  assume 
that  there  never  were  any  antecedent  strata  containing  organic 
remains,  which  may  have  become  metamorphic.  If  we  find  pebbles 
of  granite  in  a  conglomerate  of  the  Lower  Cambrian  system,  we  may 
then  feel  assured  that  the  parent  granite  was  formed  before  the 
Lower  Cambrian  formation.  But  if  the  incumbent  strata  be  merely 
Silurian  or  Upper  Cambrian,  the  fundamental  granite,  although  of 
high  antiquity,  may  be  posterior  in  date  to  known  fossiliferous 
formations. 

Protrtision  of  solid  granite, — In  part  of  Sutherlandshire,  near 
Brora,  common  granite,  composed  of  felspar,  quartz,  and  mica,  is  in 
immediate  contact  with  Oolitic  strata,  and  has  clearly  been  elevated 
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to  the  surface  at  a  period  subsequent  to  the  deposition  of  those  strata.* 
Professor  Sedgwick  and  Sir  R.  Murchison  conceive  that  this  granite 
has  been  upheaved  in  a  solid  form ;  and  that  in  breaking  through  the 
submarine  deposits,  with  which  it  was  not  perhaps  originally  in 
contact,  it  has  fractured  them  so  as  to  form  a  breccia  along  the  line  of 
junction.  This  breccia  consists  of  fragments  of  shale,  sandstone,  and 
limestone,  with  fossils  of  the  oolite,  all  united  together  bj  a  calcareous 
cement.  The  secondary  strata,  at  some  distance  from  the  granite, 
are  but  slightly  disturbed,  but  in  proportion  to  their  proximity 
the  amoimt  of  dislocation  becomes  greater. 

If  we  admit  that  solid  hypogene  rocks,  whether  stratified  or  un- 
stratified,  have  in  such  cases  been  driven  upwards  so  as  to  pierce 
through  yielding  sedimentary  deposits,  we  shall  be  enabled  to  account 
for  many  geological  appearances  otherwise  inexplicable.  Thus,  for 
example,  at  Weinbohla  and  Hohnstein,  near  Meissen,  in  Saxony,  a 
mass  of  granite  has  been  observed  covering  strata  of  the  Cretaceous 
and  Oolitic  periods  for  the  space  of  between  300  and  400  yards 
square.  It  appears  clearly  from  a  recent  memoir  of  Dr.  B.  Cotta  on  this 
subject  f,  that  the  granite  was  thrust  into  its  actual  position  when  solid. 
There  are  no  intersecting  veins  at  the  jimction — no  alteration  as  if  by 
heat,  but  evident  signs  of  rubbing,  and  a  breccia  in  some  places,  in 
which  pieces  of  granite  are  mingled  with  broken  fragments  of  the 
secondary  rocks.  As  the  granite  overhangs  both  the  lias  and  chalk, 
so  the  lias  is  in  some  places  bent  over  strata  of  the  cretaceous  era. 

Relative  age  of  the  granites  ofArran, — In  this  island,  the  largest 
in  the  Firth  of  Clyde,  being  twenty  miles  in  length  from  north  to 
south,  the  four  great  classes  of  rocks,  the  fossiliferous,  volcanic,  plu- 
tonic,  and  metamorphic,  are  all  conspicuously  displayed  within  a 
very  small  area,  and  with  their  peculiar  characters  strongly  con« 
trasted.  In  the  north  of  the  island  the  granite  rises  to  the  height 
of  nearly  3000  feet  above  the  sea,  terminating  in  mountainous  peaks. 
(See  section,  fig.  506.)  On  the  flanks  of  the  same  mountains  are 
chloritic-schists,  blue  roofing-slate,  and  other  rocks  of  the  metamor- 
phic order  (No.  1.),  into  which  the  granite  (No.  2.)  sends  veins. 
This  granite,  therefore,  is  newer  than  the  hypogene  schists  (No.  1.), 
which  it  penetrates. 

These  schists  are  highly  inclined.  Upon  them  rest  beds  of  con- 
glomerate and  sandstone  (No.  3.),  which  are  referable  to  the  Old 
Bed  formation,  to  which  succeed  various  shales  and  limestones 
(No.  4.)  containing  the  fossils  of  the  Carboniferous  period,  upon 
which  are  other  strata  of  sandstone  and  conglomerate  (upper  part  of 
No.  4.),  in  which  no  fossils  have  been  met  with,  which  it  is  con- 
jectured may  belong  to  the  New  Bed  sandstone  period.  All  the 
preceding  formations  are  cut  through  by  the  volcanic  rocks  (No.  5.), 
which  consist  of  greenstone,  basalt,  pitchstone,  claystone-porphyry, 
and  other  varieties.    These  appear  either  in  the  form  of  dikes,  or  in 

*  Murchison,  QeoL  Thms.,  2d  series^  f  Geognofidache  Wandenmgen,  Leip- 
voL  ii  p.  307.  sig»  1838. 
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dense  masses  from  50  to  700  feet  in  thickness,  overljing  the  strata 
(No.  4.).  They  sometimes  pass  into  syenite  of  so  crystalline  a  form, 
that  it  may  rank  as  a  plutonic  formation;  and  in  one  region,  at 
Ploverfield,  in  Glen  Cloy,  a  fine-grained  granite  (6.  a)  is  seen  asso- 
ciated with  the  trap  formation,  and  sending  veins  into  the  sandstone 
or  into  the  upper  strata  of  No.  4.  This  interesting  discovery  of 
granite  in  the  southern  region  of  Arran,  at  a  point  where  it  is  sepa- 
rated from  the  northern  mass  of  granite  by  a  great  thickness  of 
secondary  strata  and  overlying  trap,  was  made  by  Mr.  L.  A.  Necker 
of  Greneva,  during  his  survey  of  Arran  in  1839.  We  also  learn  from 
the  recent  investigations  of  Mr.  A.  C.  Ramsay,  that  a  similar  fine- 
grained granite  (No.  6.  b)  appears  in  the  interior  of  the  northern 
granitic  district,  forming  the  nucleus  of  it,  and  sending  veins  into 
the  older  coarse-grained  granite  (No.  2.).  The  trap  dikes  which 
penetrate  the  older  granite  are  cut  off,  according  to  Mr.  Ramsay,  at 
the  junction  of  the  fine  grained. 

It  is  not  improbable  that  the  granite  (No.  6.  h)  may  be  of  the 
same  age  as  that  of  Ploverfield  (No.  6.  a),  and  this  again  may  belong 
to  the  same  geological  epoch  as  the  trap  formations  (No.  5.).  If 
there  be  any  difference  of  date,  it  would  seem  that  the  fine-grained 
granite  must  be  newer  than  the  trappean  rocks.  But,  on  the  other 
hand,  the  coarser  granite  (No.  2.)  may  be  the  oldest  rock  in  Arran, 
with  the  exception  of  the  hypogene  slates  (No.  1.),  into  which  it 
sends  veins. 

An  objection  may  perhaps,  at  first,  be  started  to  this  conclusion, 
derived  from  the  curious  and  striking  fact,  the  importance  of  which 
was  first  emphatically  pointed  out  by  Dr.  MacCulloch,  that  no 
pebbles  of  granite  occur  in  the  conglomerates  of  the  red  sandstone  in 
Arran,  although  these  conglomerates  are  several  hundred  feet  in 
thickness,  and  lie  at  the  foot  of  lofty  granite  mountains,  which  tower 
above  them.  As  a  general  rule,  all  such  aggregates  of  pebbles  and 
sand  are  mainly  composed  of  the  wreck  of  pre-existing  rocks  occurring 
in  the  immediate  vicinity.  The  total  absence  therefore  of  granitic 
pebbles  has  justly  been  a  theme  of  wonder  to  those  geolc^sts  who 
have  successively  visited  Arran,  and  they  have  carefully  searched 
there,  as  I  have  done  myself,  to  find  an  exception,  but  in  vain.  The 
rounded  masses  consist  exclusively  of  quartz,  chlorite-schist,  and 
other  members  of  the  metamorphic  series ;  nor  in  the  newer  conglo- 
merates of  No.  4.  have  any  granitic  fragments  been  discovered.  Are 
we  then  entitled  to  affirm  that  the  coarse-grained  granite  (No.  2.),  like 
the  fine-grained  variety  (No.  6.  a\  is  more  modem  than  all  the  other 
rocks  of  the  island  ?  This  we  cannot  assume  at  present,  but  we  may 
confidently  infer  that  when  the  various  beds  of  sandstone  and  con- 
glomerate were  formed,  no  granite  had  reached  the  surface,  or  had 
been  exposed  to  denudation  in  Arran.  It  is  clear  that  the  crystalline 
schists  were  ground  into  sand  and  shingle  when  the  strata  No.  3. 
were  deposited,  and  at  that  time  the  waves  had  never  acted  upon  the 
granite,  which  now  sends  its  veins  into  the  schist.  May  we  then 
conclude,  that  the  schists  suffered  denudation  before  they  were  in- 
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vaded  by  granite?  This  opinioD,  although  not  inadmissible,  is  by 
no  means  fully  borne  out  by  the  evidence.  For  at  the  time  when 
the  Old  Red  sandstone  originated,  the  metamorphic  strata  may  have 
formed  islands  in  the  sea,  as  in  fig.  507.,  over  which  the  breakers 


ng.607. 
Sea 


rolled,  or  from  which  torrents  and  rivers  descended,  carrying  down 
gravel  and  sand.  The  plutonic  rock  or  granite  (b)  may  even  then 
have  been  previously  injected  at  a  certain  depth  below,  and  yet  may 
never  have  been  exposed  to  denudation. 

As  to  the  time  and  manner  of  the  subsequent  protrusion  of  the 
coarse-grained  granite  (No.  2.),  this  rock  may  have  been  thrust  up 
bodily,  in  a  solid  form,  during  that  long  series  of  igneous  operations 
which  produced  the  trappean  and  plutonic  formations  (Nos.  5.,  6.  a, 
and  6.  l>). 

We  have  shown  that  these  eruptions,  whatever  their  date,  were 
posterior  to  the  deposition  of  all  the  fossiliferous  strata  of  Arran. 
We  can  also  prove  that  subsequently  both  the  granitic  and  trappean 
rocks  underwent  great  aqueous  denudation,  which  they  probably 
suffered  during  their  emergence  from  the  sea.  The  fact  is  demon- 
strated  by  the  abrupt  truncation  of  numerous  dikes,  such  as  those  at 
c,  rf,  €y  which  are  cut  off  on  the  surface  of  the  granite  and  trap.  The 
overlying  trap  also  ceases  very  abruptly  on  approaching  the  boundary 
of  the  great  hypogene  region,  and  terminates  in  a  steep  escarpment 
facing  towards  it  as  at  /^  fig.  506.  When  in  its  original  fluid  state 
it  could  not  have  come  thus  suddenly  to  an  end,  but  must  have  filled 
up  the  hollow  now  separating  it  from  the  hypogene  rocks,  had  such 
a  hollow  then  existed.  This  necessity  of  supposing  that  both  the 
trap  and  the  conglomerate  once  extended  farther,  and  that  veins  such 
as  c,  rf,  fig.  506.,  were  once  prolonged  farther  upwards,  prepares  us 
to  believe  that  the  whole  of  the  northern  granite  may  at  one  time 
have  been  covered  by  newer  formations,  under  the  pressure  of  which, 
before  its  protrusion,  it  assumed  its  highly  crystalline  texture. 

The  theory  of  the  protrusion  in  a  solid  form  of  the  northern 
nucleus  of  granite  is  confirmed  by  the  manner  in  which  the  hypogene 
slates  (No.  1.)  and  the  beds  of  conglomerate  (No.  3.)  dip  away  from 
it  on  all  sides.  In  some  places  indeed  the  slates  are  inclined  towards 
the  granite,  but  this  exception  might  have  been  looked  for,  because 
these  hypogene  strata  have  undergone  disturbances  a4  more  than  one 
geological  epoch,  and  may  at  some  points,  perhaps,  have  their  original 
order  of  position  inverted.  The  high  inclination,  therefore,  and  the 
quaquavcrsal  dip  of  the  beds  around  the  borders  of  the  granitic  boss, 
and  the  comparative  horizontality  of  the  fossiliferous  strata  in  the 
southern  part  of  the  island,  are  facts  which  all  accord  with  the  hjrpo- 
thesis  of  a  great  amount  of  movement  at  that  point  where  the  granite 
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is  supposed  to  have  been  thrust  up  bodily,  and  where  we  may  con- 
ceive it  to  have  been  distended  laterally  by  the  repeated  injection  of 
fresh  supplies  of  melted  materials.* 


CHAPTER  XXXV. 

METAKORPHIO  BOCKS. 

General  character  of  metamorphic  rocks — Gneiss — Hornblende-schist — Mica-schist 
—  Claj-slate — Qnartzite — Chlorite-schist — Metamorphic  limestone — Alphabe- 
tical list  and  explanation  of  other  rocks  of  this  family — Origin  of  the  metamorphic 
strata — Their  stratification  is  real  and  distinct  from  deavage — Joints  and 
slaty  cleavage — Supposed  causes  of  these  structures— how  far  connected  with 
ciystalline  action. 

We  have  now  considered  three  distinct  classes  of  rocks :  first,  the 
aqueous,  or  fossiliferous ;  secondly,  the  volcanic ;  and,  thirdly,  the 
plutonic,  or  granitic;  and  we  have  now,  lastly,  to  examine  those 
crystalline  (or  hypogene)  strata  to  which  the  name  of  metamorphic 
has  been  assigned.  The  last-mentioned  term  expresses,  as  before 
explained,  a  theoretical  opinion  that  such  strata,  after  having  been 
deposited  from  water,  acquired,  by  the  influence  of  heat  and  other 
causes,  a  highly  crystalline  texture.  They  who  still  question  this 
opinion  may  call  the  rocks  under  consideration  the  stratified  hypo- 
gene,  or  schistose  hypogene  formations. 

These  rocks,  when  in  their  most  characteristic  or  normal  state,  are 
wholly  devoid  of  organic  remains,  and  contain  no  distinct  fragments 
of  other  rocks,  whether  rounded  or  angular.  They  sometimes  break 
out  in  the  central  parts  of  narrow  mountain  chains,  but  in  other 
cases  extend  over  areas  of  vast  dimensions^  occupying,  for  example, 
nearly  the  whole  of  Norway  and  Sweden,  where,  as  in  Brazil,  they 
appear  alike  in  the  lower  and  higher  grounds.  In  Great  Britain, 
those  members  of  the  series  which  approach  most  nearly  to  granite 
in  their  composition,  as  gneiss,  mica-schist,  and  hornblende-schist, 
are  confined  to  the  country  north  of  the  rivers  Forth  and  Clyde. 

Many  attempts  have  been  made  to  trace  a  general  order  of  suc- 
cession or  superposition  in  the  members  of  this  family ;  gneiss,  for 
example,  having  been  often  supposed  to  hold  invariably  a  lower 
geological  position  than  mica- schist.  But  although  such  an  order 
may  prevail  throughout  limited  districts,  it  is  by  no  means  universal, 
nor  even  general,  throughout  the  globe.     To  this  subject,  however,  I 

*  For  the  geology  of  Arran  consult  the  series),  Mr.  L.  A.  Keeker's  Memoir,  read 

works  of  Drs.  Button  and  MacCulloch,  to  the  Boyal  Soc.  of  Edin.  20th  April, 

the  Memoirs  of  Messrs.  Yon  Dechen  and  1840,  and  Mr.  Ramsay's  Geol.  of  Anan, 

Oeynhausen,  that  of  Professor  Sedgwick  1841.   I  examined  myself  a  laige  part  of 

and  Sir  B.  Murchison  (GeoL  Trans.  2d  Airan  in  1836. 
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shall  again  revert,  in  the  last  chapter  of  this  volume,  when  the 
chronological  relations  of  the  metamorphic  rocka  are  pointed  oat> 

The  following  may  be  enumerated  as  the  principal  members  of  the 
metomorphic  class: — glides,  mica-schist,  homblende-schis^  clay- 
slate,  chlorite-schist,  hjpogene  or  metamorphic  limestone,  and  certaia 
kinds  of  quartz-rock  or  quartzite. 

GneiiS. — The  first  of  these,  gneiss,  may  be  called  stratified  granite, 
being  formed  of  the  same  materials  as  granite,  namely,  felspar, 
quartz,  and  mica.  la  the  specimen  here  figured,  the  white  layers 
consist  almost  exclusively  of  granular  felspar,  with  here  and  there  a 
speck  of  mica  and  grun  of  quartz.     The  dai^  layers  are  composed  of 


grey  quartz  and  black  mica,  with  occasionally  a  grain  of  felspar 
intermixed.  The  rock  splits  most  easily  in  the  plane  of  these  darker 
layers,  and  the  surface  thus  exposed  is  almost  entirely  covered  with 
signing  spangles  of  mica.  The  accompanying  quartz,  however, 
greatly  predominates  in  quantity,  but  the  most  ready  cleavage  ia 
determined  by  the  abundance  of  mica  in  certain  parts  of  the  dark 
layer.  • 

Instead  of  these  thin  laminffi,  gneiss  ia  sometimes  simply  divided 
into  thick  beds,  in  which  the  mica  has  only  a  slight  degree  of  paral- 
lelism to  the  planes  of  stratification. 

The  term  "gneiss,"  however,  in  geology  is  commonly  used  in  a 
wider  sense,  to  designate  a  formation  in  which  the  above-mentioned 
rock  prevails,  but  with  which  any  one  of  the  other  metamorphic 
rocks,  and  more  especially  hombleo de-schist,  may  alternate.  These 
other  members  of  the  metamorphic  series  are,  in  this  case,  considered 
as  subordinate  to  the  true  gneiss. 

The  different  varieties  of  rock  allied  to  gneiss,  into  which  felspar 
enters  as  an  essential  ingredient,  will  be  understood  by  referring  to 
what  was  said  of  granite.  Thus,  for  example,  hornbleude  may  be 
superadded  to  mica,  quartz,  and  felspar,  forming  a  syenitic  gneiss; 
or  talc  may  be  substituted  for  mica,  constituting  talcose  gneiss,  a 
rock  composed  of  felspar,  quartz,  and  talc,  in  distinct  crystals  or 
grains  (stratified  protogine  of  the  French). 

Hornblende-schist  is  usually  black,  and  composed  principally  of 
hornblende,  with  a  variable  quantity  of  felspar,  and  sometimes  graina 
of  quartz.     When  the  hornblende  and  felspar  are  nearly  in  equal 
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quantities,  and  the  rock  is  not  slaty,  it  corresponds  in  character  with 
the  greenstones  of  the  trap  family,  and  has  been  called  *'  primitive 
greenstone."  It  may  be  termed  hornblende  rock.  Some  of  these 
hornblendic  masses  may  really  have  been  volcanic  rocks,  which  have 
since  assumed  a  more  crystalline  or  metamorphic  texture. 

Mica-schist,  or  micac^tu  schist,  is,  next  to  gneiss,  one  of  the  most 
abundant  rocks  of  the  metamorphic  series.  It  is  slaty,  essentially 
composed  of  mica  and  quartz,  the  mica  sometimes  appearing  to  con* 
stitute  the  whole  mass.  Beds  of  pure  quartz  also  occur  in  this 
formation.  In  some  districts,  garnets  in  regular  twelve- sided  crystals 
form  an  integrant  part  of  mica-schist.  This  rock  passes  by  insensible 
gradations  into  clay-slate. 

day-slate,  or  Argillaeeous  schist — This  rock  resembles  an  in- 
durated clay  or  shale,  is  for  the  most  part  extremely  fissile,  often 
affording  good  roofing  slate.  It  may  consist  of  the  ingredients  of 
gneiss,  or  of  an  extremely  fine  mixture  of  mica  and  quartz,  or  talc 
and  quartz.  Occasionally  it  derives  a  shining  and  silky  lustre  from 
the  minute  particles,  of  mica  or  talc  which  it  contains.  It  varies 
from  greenish  or  bluish-grey  to  a  lead  colour.  It  may  be  said  of  this, 
more  than  of  any  other  schist,  that  it  is  common  to  the  metamorphic 
and  fossiliferous  series,  for  some  clay-slates  taken  from  each  division 
would  not  be  distinguishable  by  mineralogical  characters. 

Quartzite,  or  Quartz  roch,  is  an  aggregate  of  grains  of  quartz, 
which  are  either  in  minute  crystal^  or  in  many  cases  slightly 
rounded,  occurring  in  regular  strata,  associated  with  gneiss  or  other 
metamorphic  rocks.  Compact  quartz,  like  that  so  frequently  found 
in  veins,  is  also  found  together  with  granular  quartzite.  Both  of- 
these  alternate  with  gneiss  or  mica-schist,  or  pass  into  those  rocks  by 
the  addition  of  mica,  or  of  felspar  and  mica. 

Chlorite-schist  is  a  green  slaty  rock,  in  which  chlorite  is  abundant 
in  foliated  plates,  usually  blended  with  minute  grains  of  quartz,  or 
sometimes  with  felspar  or  mica.  Often  associated  with,  and  gra- 
duating into,  gneiss  and  clay-slate. 

Hypogenc  or  metamorphic  limestone. — This  rock,  commonly  called 
primary  limestone,  is  sometimes  a  thick  bedded  white  crystalline 
granular  marble  used  in  sculpture ;  but  more  frequently  it  occurs  in 
thin  beds,  forming  a  foliated  schist  much  resembling  in  colour  and 
appearance  certain  varieties  of  gneiss  and  mica-schist.  It  alternates 
with  both  these  rocks,  and  in  like  manner  with  argillaceous  schist. 
It  then  usually  contains  some  crystals  of  mica,  and  occasionally 
quartz,  felspar,  hornblende,  and  talc.  This  member  of  the  meta- 
morphic series  enters  sparingly  into  the  structure  of  the  hypogene 
districts  of  Norway,  Sweden,  and  Scotland,  but  is  largely  developed 
in  the  Alps. 

Before  offering  any  farther  observations  on  the  probable  origin  of 
the  metamorphic  rocks,  I  subjoin,  in  the  form  of  a  glossary,  a  brief 
explanation  of  some  of  the  principal  varieties  and  their  synonymes. 

H  H 
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iKfi  TV'  ar.nipiars  57  gmni'iir 
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CBL/jCTZ'«:BL<n.     A  4, em  liiicj  txjl.  za,  vaidi 
a.vrniTagTt      Sec  ^  -MJL 

CiJiT-fi^rz,  <-.r  ItfflTf  x3oq-«a3TL     Set  p.  443t. 


Etkitz  ar.ii  Enmc  Pocpirnrr.   A  base  cf  ecmpts  Jekcd  vich  gruBf  of  1 

5tL»par.  ic^   o6aen   mica  ubi    ocfco-  siincrals    I'w  mniaged  (Ikuu^iiigt), 

M.  I/Xarjolaafjti  rqcarid  conEe  m  an  fxauueiT  iae-zraoud 

vnica  StiffAT  pniiomfnjses.  :be  vib:ie  5:rai£a2  an  appaRstir 

rock.     Ytav^Jt  haa  been  ainadj  mensKiwii  a«  a  pl-ggnnir  rock,  bat  <KCiin  also 

in  teds  foioriiaace  to  zocaa  cr 


GvcxM.    A  fcnoficd  or  fimfnaryd  rock,  Mae  eoapoairiaB  a«  ^naiK:     Ser  pL  46i. 


llf0KnsLT%T»T  Biyrs,  or  Axthdoutk.  Composed  of  bcmbfende  and  feb|Mv:  Tlie 
MflK  v/m^mttkMk  aa  homblmde^iriuiK,  ftnofied,  bat  hoc  fiwilr     See  pi.  376. 

nonnn.E3rT^B-^rHisT,  or  Slats.  Compoaed  <iadij  of  homfalende,  with  occasooallj 
ftc>nM  feLfpar.     See  p.  464. 

IfoK3nii.B!rDic  or  STE3nTic-G9zis&  Conipoaed  of  febpar,  qoartz,  and  horn- 
blende. 

IlrPoofiirE  LiMESTOvz.    Sec  p.  465. 

Maem^e.     .S>tf  p.  465. 

MiCA-Ar:fiifiT,  r>r  MiCACEors-acHiST.     A  riatj  rock,  compoaed  of  mica  and  qnaztx 

in  TariaYJe  prr/portions.     Sec  p.  465. 
MiCA-f  LATE.     See  MJCA-scmar,  p.  465. 

PiiTLLAriR.    jyAabaiMon's  term  for  daj-slate,  from  fwXAar,  a  heap  of  learea. 
rRiMAET  LiMEftToiTE.     Set  IItpogestb  Lime«toxk,  p.  465. 
IV/r(X>i!»K.      See    Talccwe-oheim,  p.  464.;    when  nnstntified  it  is  Talcoae- 
fpwnite. 

Qf  :autz  IC/K.-K,  or  Qcaetzite.  A  stratified  rock ;  an  aggregate  of  grains  of  qnarts. 
See  p.  465. 

HKiii'RKTiifB  rKTctirs  in  fK>th  dirisions  of  the  hjpogene  series,  as  a  stratified  or  nnstra- 
i\fiiu\  Totk  ;  cr^ntains  mach  magnesia ;  is  chieflj  composed  of  the  mineral 
called  M;q)entine,  mixed  with  diallagc,  talc,  and  steatite.  The  pure  varietief 
of  thift  rr>ck,  callo<l  noble  serpentine,  consist  of  a  hjdrated  silicate  of  magnesia, 
KMicrolly  of  a  greenish  colour :  this  base  is  commonly  mixed  with  oxide  of 
iron. 

TAt,(!(»fiK-r»NKiss.     Same  composition  as  talcosc-gnmite  or  protogine,  but  either 

NtriUiniMl  or  laminated.     See  p.  464. 
Talcosk-nciiist  coiiHintH  chiefly  of  talc,  or  of  talc  and  quartz,  or  of  talc  and  felspar, 

an<l  has  a  texture  something  like  that  of  clay-slate. 

WiiiTKHToKK.    Same  as  Eurito. 
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Origin  of  the  Metamorphic  Strata, 

Having  said  thus  much  of  the  mineral  composition  of  the  meta- 
morphic rocks,  I  may  combine  what  remains  to  be  said  of  their 
structure  and  liistorj  with  an  account  of  the  opinions  entertained  of 
their  probable  origin.  At  the  same  time,  it  may  be  well  to  forewarn 
the  reader  that  we  are  here  entering  upon  ground  of  controversy, 
and  soon  reach  the  limits  where  positive  induction  ends,  and  beyond 
which  we  can  only  indulge  in  speculations.  It  was  once  a  favourite 
doctrine,  and  is  still  maintained  by  many,  that  these  rocks  owe  their 
crystalline  texture,  their  want  of  all  signs  of  a  mechanical  origin,  or 
of  fossil  contents,  to  a  peculiar  and  nascent  condition  of  the  planet  at 
the  period  of  their  formation.  The  arguments  in  refutation  of  this 
hypothesis  will  be  more  fully  considered  when  I  show,  in  the  last 
chapter  of  this  volume,  to  how  many  different  ages  the  metamorphic 
formations  are  referable,  and  how  gneiss^  mica-schist,  clay-slate,  and 
hypogene  limestone  (that  of  Carrara  for  example),  have  been  formed, 
not  only  since  the  first  introduction  of  organic  beings  into  this  planet, 
but  even  long  after  many  distinct  races  of  plants  and  animals  had 
passed  away  in  succession. 

The  doctrine  respecting  the  crystalline  strata,  implied  in  the 
name  metamorphic,  may  properly  be  treated  of  in  this  place ;  and 
we  must  first  inquire  whether  these  rocks  are  really  entitled  to  be 
called  stratified  in  the  strict  sense  of  having  been  originally  de- 
posited as  sediment  from  water.  The  general  adoption  by  geologists 
of  the  term  stratified,  as  applied  to  these  rocks,  sufficiently  attests 
their  division  into  beds  very  analogous,  at  least  in  form,  to  ordinary 
fossiliferous  strata.  This  resemblance  is  by  no  means  confined  to 
the  existence  in  both  of  an  occasional  slaty  structure,  but  extends  to 
every  kind  of  arrangement  which  is  compatible  with  the  absence  of 
fossils,  and  of  sand,  pebbles,  ripple-mark,  and  other  characters  which 
the  metamorphic  theory  supposes  to  have  been  obliterated  by  plu- 
tonic  action.  Thus,  for  example,  we  behold  alike  in  the  crystalline 
and  fossiliferous  formations  an  alternation  of  beds  varying  greatly  in 
composition,  colour,  and  thickness.  We  observe,  for  instance,  gneiss 
alternating  with  layers  of  black  hornblende-schist,  or  with  granular 
quartz,  or  limestone ;  and  the  interchange  of  these  different  strata 
may  be  repeated  for  an  indefinite  number  of  times.  In  the  like 
manner,  mica-schist  alternates  with  chlorite-schist,  and  with  granular 
limestone  in  thin  layers. 

As  in  fossiliferous  formations  strata  of  pure  siliceous  sand  alternate 
with  micaceous  sand  and  with  layers  of  clay,  so  in  the  crystalline  or 
metamorphic  rocks  we  have  beds  of  pure  quartzite  alternating  with 
mica-scbist  and  clay-slate.  As  in  the  secondary  and  tertiary  series  we 
meet  with  limestone  alternating  again  and  again  with  micaceous  or 
argillaceous  sand,  so  we  find  in  the  hypogene,  gneiss  and  mica-schist 
alternating  with  pure  and  impure  granular  limestones. 
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jr/v{^>«tM  mt/>^  iv>dcf  </  a  deatkdlj  ■hecbamcal  cn^in,  and  exhi- 
Mfifi^  t/a<?<M  fA  orgaftse  rmaina^  TLe  foasififenjaft  finiatioiu^ 
f^/f^/r^f,  ffrt//  wlni^h  Una  pa  wage  u  effected,  are  bjr  no  BMana 
U$rsinMx  ^/f  tli^  Mune  age  nor  of  the  higbcit  andqvhy,  as  wiD  be 

HhnUfirjiiinn  t^  Uu  mHamarpkie  roeks  duiimci/rom  eietnage. — 
Yf#^.  \M^  U$to  which  gD«i«,  mica-achut,  and  hjpogene  Hmestone 
dfyi/f/%  f.xUUAi  uttM  cfjmaumljf  like  ordinarj  strata,  a  want  of  perfect 
ff/'^fttt'drUml  paraIU;li»in«  For  thu  reafion,  therefore,  in  addition  to 
iif»/!  HlU'fut^Ui  r^-^.urrenee  of  ]zjen  of  distinct  materials,  the  stratified 
urrHUif/^w^ti  t/f  ihH  cryntalline  rocks  cannot  be  explained  awaj  hj 
nuifif^r't'tttp;  it  Uf  be  nimpiy  a  divisional  stroctore  like  that  to  which 
w«  oir#5  WftnH  iff  the  slates  used  for  writing  and  roofing.  Sla^ 
tilmvfiffft  M  it  has  l>een  called,  has  in  many  cases  been  produced  by 
ih^  nr^ulnr  d'!|>//sition  of  thin  plates  of  fine  sediment  one  npon 
nuhi\\t*r  \  hut  there  are  many  instances  where  it  is  deddedlj  nncon- 
htMiU'A  with  such  a  mr^ilc  of  origin,  and  where  it  is  not  even  confined 
Ut  tfie  fi/|ijeouM  formations.  Some  kinds  of  trap,  for  example,  as 
elinkiion^',  sjilit  into  laminse,  and  are  used  for  roofing. 

ThiTe  Mt\  siiys  iVofcssor  Sedgwick,  three  distinct  forms  of 
itrueturi}  exhibited  in  certain  rocks  throughout  large  districts :  via. 
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— First,  stratification ;  secondly,  joints  ;  and  thirdly,  elatj  cleavage ; 
the  two  last  having  no  connection  with  true  bedding,  and  having 
been  superinduced  by  causes  absolutely  independent  of  gravitation. 
All  these  different  struetures  must  have  different  names,  even 
though  there  be  some  cases  where  it  is  impossible,  after  carefully 
studying  the  appearances,  to  decide  upon  the  class  to  which  they 
belong.* 

Joint*. — Now,  in  regard  to  the  second  of  these  forms  of  structure 
or  joints,  they  are  natural  fissures  which  often  traverse  rocks  in 
straight  and  well-determined  lines.  They  afibrd  to  the  quarryman, 
as  Sir  R.  Murchison  observes,  when  speaking  of  the  phenomena,  as 
exhibited  in  Shropshire  aod  the  neighbouring  counties,  the  greatest 
aid  in  the  extraction  of  blocks  of  stone  ;  and,  if  a  sufficient  number 
cross  each  other,  the  whole  mass  of  rock  is  split  into  symmetrical 
blocks.f  The  faces  of  the  joints  are  for  the  most  part  smoother  and 
more  regular  than  the  surfaces  of  true  strata.  The  joints  are 
straight-cut  chinks,  often  slightly  open,  often  passing,  not  only 
through  layers  of  successive  deposition,  but  also  through  balls  of 
limestone  or  other  matter  which  have  been  formed  by  concretionary 
action,  since  the  original  accumulation  of  the  strata.  Such  joints, 
therefore,  most  often  have  resulted  from  one  of  the  last  changes 
superinduced  upon  sedimentary  deposits.^ 

In  the  annexed  diagram  the  fiat  surfaces  of  rock  A,  B,  C,  represent 
exposed  faces  of  joints,  to  which  the  walls  of  other  joints,  J  J,  are 
parallel.  S  S  are  the  lines  of  stratification ;  D  D  are  lines  of  slaty 
cleavage,  which  intersect  the  rock  at  a  considerable  angle  to  the 
planes  of  stratification. 


Joints,  according  to  Frofesscv  Sedgwick,  are  distinguishable  from 
lines  of  slaty  cleavage  in  this,  that  the  rock  intervening  between  two 
joints  has  no  tendency  to  cleave  in  a  direction  parallel  to  the  planes 
of  the  joints,  wbereoa  a  rock  is  capable  of  indefinite  subdivision  in 
the  direction  of  its  slaty  cleavage.  In  some  cases  where  the  strata 
are  curved,  the  planes  of  cleavage  are  still  perfectly  parallel.  This 
has  been  observed  in  the  slate  rocks  of  part  of  Wales  (see  fig.  511.), 

*  OeoL  ItuuL,  2d  nries,  vol  lit  p.  developed  in  Salop,  Hereford,  &Cq  p. 
480.  £43. 

t  The  Silurian  Syfteni  of  Bocks,  at        %  ^i*^  P-  S*^- 
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Fig.  Ml. 


Parallel  planes  of  cleavage  intenecting  cunred  strata.    (Sedgwick.) 

wbich  consist  of  a  hard  greenish  slate.  The  true  bedding  is  there 
indicated  by  a  number  of  parallel  stripes,  some  of  a  lighter  and  some 
of  a  darker  colour  than  the  general  mass.  Such  stripes  are  found  to 
be  parallel  to  the  true  planes  of  stratification,  wherever  these  are 
manifested  bj  ripple-mark,  or  by  beds  containing  peculiar  organic 
remains.  Some  of  the  contorted  strata  are  of  a  coarse  mechanical 
structure,  alternating  with  fine-grained  crystalline  chloritic  slates,  in 
which  case  the  same  slaty  cleavage  extends  through  the  coarser  and 
finer  beds,  though  it  is  brought  out  in  greater  perfection  in  proportion 
as  the  materials  of  the  rock  are  fine  and  homogeneous.  It  is  only 
when  these  are  very  coarse  that  the  cleavage  planes  entirely  vanish. 
These  planes  are  usually  inclined  at  a  very  considerable  angle  to  the 
planes  of  the  strata.  In  the  Welsh  chains,  for  example,  the  average 
angle  is  as  much  as  from  30^  to  40^  Sometimes  the  cleavage  planes 
dip  towards  the  same  point  of  the  compass  as  those  of  stratification, 
but  more  frequently  to  opposite  points.  It  may  be  stated  as  a  general 
rule,  that  when  beds  of  coarser  materials  alternate  with  those  com- 
posed of  finer  particles,  the  slaty  cleavage  is  either  entirely  confined 
to  the  fine-grained  rock,  or  is  very  imperfectly  exhibited  in  that  of 
coarser  texture.  This  rule  holds,  whether  the  cleavage  is  parallel  to 
the  planes  of  stratification  or  not. 

In  the  Swiss  and  Savoy  Alps,  as  Mr.  Bakewell  has  remarked, 
enormous  masses  of  limestone  are  cut  through  so  regularly  by  nearly 
vertical  partings,  and  these  are  often  so  much  more  conspicuous  than 
the  seams  of  stratification,  that  an  inexperienced  observer  will 
almost  inevitably  confound  them,  and  suppose  the  strata  to  be  per- 
pendicular in  places  where  in  fact  they  are  almost  horizontal.* 

Now  these  joints  are  supposed  to  be  analogous  to  those  partings 
which  have  been  already  observed  to  separate  volcanic  and  plutonic 
rocks  into  cuboidal  and  prismatic  masses.  On  a  small  scale  we  see 
clay  and  starch  when  dry  split  into  similar  shapes,  which  is  often 
caused  by  simple  contraction,  whether  the  shrinking  be  due  to  the 
evaporation  of  water,  or  to  a  change  of  temperature.  It  is  well 
known  that  many  sandstones  and  other  rocks  expand  by  the  appli- 
cation of  moderate  degrees  of  heat,  and  then  contract  again  on 
cooling  ;  and  there  can  be  no  doubt  that  large  portions  of  the  earth's 
crust  have,  in  the  course  of  past  ages,  been  subjected  again  and 
again  to  very  difierent  degrees  of  heat  and  cold.  These  alternations 
of  temperature  have  probably  contributed  largely  to  the  production 
of  joints  in  rocks. 

In  some  coimtries,  as  in  Saxony,  where  masses  of  basalt  rest  on 

*  Iiitrodaction  to  Geology,  chap.  iv. 
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sandstone,  the  aqueous  rock  has  for  the  distance  of  several  feet  from 
the  point  of  junction  assumed  a  columnar  structure  similar  to  that  of 
the  trap.  In  like  manner  some  hearthstones,  after  exposure  to  the 
heat  of  a  furnace  without  being  melted,  have  become  prismatic 
Certain  crystals  also  acquire  bj  the  application  of  heat  a  new  internal 
arrangement,  so  as  to  break  in  a  new  direction,  their  external  form 
remaining  unaltered. 

It  seems,  therefore,  that  the  fissures  called  joints  may  have  been 
the  result  of  different  causes,  as  of  some  modification  of  crystalline 
action,  or  simple  contraction  during  consolidation,  or  during  a 
change  of  temperature.  And  there  are  cases  where  joints  may  have 
been  due  to  mechanical  violence,  and  the  strain  exerted  on  strata 
during  their  upheaval,  or  when  they  have  sunk  down  below  their 
former  level.  Professor  Phillips  has  suggested  that  the  previous 
existence  of  divisional  planes  may  often  have  determined,  and  must 
greatly  have  modified,  the  lines  and  points  of  fracture  caused  in 
rocks  by  those  forces  to  which  they  owe  their  elevation  or  dislo- 
cations. These  lines  and  points  being  those  of  least  resistance,  can- 
not fail  to  have  infiuenced  the  direction  in  which  the  solid  mass 
would  give  way  on  the  application  of  external  force. 

It  has  been  observed  by  Sir  B.  Murchison,  that  in  referring  both 
joints  and  slaty  cleavage  to  crystalline  action,  we  are  borne  out  by  a 
well-known  analogy  in  which  crystallization  has  in  like  manner  given 
rise  to  two  distinct  kinds  of  structure  in  the  same  body.  Thus,  for 
example,  in  a  six-sided  prism  of  quailz,  the  planes  of  cleavage  are 
distinct  from  those  of  the  prism.  It  is  impossible  to  cleave  the 
crystals  parallel  to  the  plane  of  the  prism,  just  as  slaty  rocks  cannot 
be  cleaved  parallel  to  the  joints ;  but  the  quartz  crystal,  like  the 
older  schists,  may  be  cleaved  ad  infinitum  in  the  direction  of  the 
cleavage  planes.* 

I  have  already  stated  that  extremely  fine  slates,  like  those  of  the 
Niesen,  near  the  Lake  of  Thun,  in  Switzerland,  are  perfectly  parallel 
to  the  planes  of  stratification,  and  are,  therefore,  probably  due  to 
successive  aqueous  deposition.  Even  when  the  slates  are  oblique  to 
the  general  planes  of  the  strata,  it  by  no  means  follows  as  a  matter 
of  course  that  they  have  been  caused  by  crystalline  action,  for  they 
may  be  the  result  of  that  diagonal  lamination  which  I  have  before 
described  (p.  17.).  In  this  case,  however,  there  is  usually  much 
irregularity,  whereas  those  cleavage  planes  oblique  to  the  true  strati- 
fication, which  are  referred  to  a  crystalline  action,  are  often  perfectly 
symmetrical,  and  observe  a  strict  geometrical  parallelism,  even  when 
the  strata  are  contorted,  as  already  described  (p.  470.). 

In  regard  to  the  origin  of  slaty  cleavage,  where  it  is  unconnected 
with  sedimentary  deposition.  Professor  Sedgwick  is  of  opinion  that 
no  retreat  of  parts,  no  contraction  in  dimensions,  in  passing  to  a 
solid  state,  can  account  for  the  phenomenon.  It  must  be  referred  to 
crystalline  or  polar  forces  acting  simultaneously  and  somewhat  oni- 

*  SUnrian  System  of  Bodu^  &c»,  p.  249, 
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formlj,  in  given  directions,  on  large  masses  having  a  hoxnogeneoiiB 
composition. 

A  fact  recorded  by  Mr.  Darwin  affords  confirmation  to  this  theory. 
The  ore  of  the  gold  mines  of  Yaquil,  in  Chili,  is  ground  in  a  mill 
into  an  impalpable  powder.  After  this  powder  has  been  washed, 
and  nearly  all  the  metal  separated,  the  mud  which  passes  from  the 
mills  is  collected  into  pools,  where  it  subsides,  and  is  cleared  out  and 
thrown  into  a  common  heap.  A  great  deal  of  chemical  action  thea 
commences,  salts  of  various  kinds  effloresce  on  the  surface,  and  the 
mass  becomes  hard,  and  divides  into  concretionary  fragments.  These 
fragments  were  observed  to  possess  an  even  and  weU-deJined  slaiy 
structure;  but  the  laminae  were  not  inclined  at  any  uniform  angle.* 

Mr.  R.  W.  Fox  lately  submitted  a  mass  of  moist  clay,  worked  up 
with  acidulated  water,  to  weak  voltaic  action  for  some  months,  and 
it  was  found  when  dry  to  be  rudely  laminated,  the  planes  of  the 
slightly  undulating  lamins  being  at  right  angles  to  the  direction  of 
the  electrical  forces-f 

Sir  John  Herschel,  in  allusion  to  slaty  cleavage,  has  suggested, 
*'  that  if  rocks  have  been  so  heated  as  to  allow  a  commencement  of 
crystallization  ;  that  is  to  say,  if  they  have  been  heated  to  a  point  at 
which  the  particles  can  begin  to  move  amongst  themselves,  or  at 
least  on  their  own  axes,  some  general  law  must  then  determine  the 
position  in  which  these  particles  will  rest  on  cooling.  Probably  that 
position  will  have  some  relation  to  the  direction  in  which  the  heat 
escapes.  Now,  when  all,  or  a  majority  of  particles  of  the  same 
nature,  have  a  general  tendency  to  one  position,  that  must  of  course 
determine  a  cleavage  plane.  Thus  we  see  the  infinitesimal  crystals 
of  fresh  precipitated  sulphate  of  barytes,  and  some  other  such  bodies^ 
arrange  themselves  alike  in  the  fiuid  in  which  they  fioat ;  so  as,  when 
stirred,  all  to  glance  with  one  light,  and  give  the  appearance  of  silky 
filaments.  Some  sorts  of  soap,  in  which  insoluble  margarates}  exist, 
exhibit  the  same  phenomenon  when  mixed  with  water ;  and  what 
occurs  in  our  experiments  on  a  minute  scale  may  occur  in  nature  on 
a  great  one."  § 

*  Journal  of  TraveU  in  S.  America,  formed  from  different  animal  and  to- 

&c.,  p.  234.  getable  fatty  sabstances.     A  margarate 

f  Although  the  lamination  in  the  spe*  is  a  compound  of  this  acid  with  soda, 

cimen  shown  to  me  was  very  imperfect,  potash,  or  some  other  base,  and  is  so 

it  was  sufficiently  evident  to  encounge  nuned  from  its  pearly  lustre, 
forther  experiments.  §  Letter  to  the  author,  dated  Cape 

X  Margaric  acid  is  an  oleaginous  acid,  of  Good  Hope,  Feb.  20.,  1836. 
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METAMORPHio  ROCKS — continued. 

Strata  near  some  intrnsiyo  masses  of  granite  conyerted  into  rocks  identical  with 
different  members  of  the  metamorphic  series — Arguments  hence  derived  as  to  the 
nature  of  plutonic  action — Time  may  enable  this  action  to  pervade  denser 
masses — fVom  what  kinds  of  sedimentary  rock  each  variety  of  the  metamorphic 
class  may  be  derived — Certain  objections  to  the  metamorphic  theory  considered 
— Lamination  of  trachyte  and  obsidian  dne  to  motion — Whether  some  kinds  of 
gneiss  have  become  schistose  by  a  similar  action. 

It  has  been  seen  that  geologists  have  been  very  generally  led  to  infer, 
from  the  phenomena  of  joints  and  slaty  cleavage,  that  mountain 
masses,  of  which  the  sedimentary  origin  is  unquestionable,  have  been 
acted  upon  simultaneously  by  vast  crystalline  forces.  That  the 
structure  of  fossiliferous  strata  has  often  been  modified  by  some 
general  cause  since,  their  original  deposition,  and  even  subsequently 
to  their  consolidation  and  dislocation,  is  undeniable.  These  facts 
prepare  us  to  believe  that  still  greater  changes  may  have  been  worked 
out  by  a  greater  intensity,  or  more  prolonged  development  of  the 
same  agency,  combined,  perhaps,  with  other  causes.  Now  we  have 
seen  that,  near  the  immediate  contact  of  granitic  veins  and  volcanic 
dikes,  very  extraordinary  alterations  in  rocks  have  taken  place,  more 
especially  in  the  neighbourhood  of  granite.  It  will  be  useful  here  to 
add  other  illustrations,  showing  that  a  texture  undistinguishable 
from  that  which  characterizes  the  more  crystalline  metamorphic 
formations,  has  actually  been  superinduced  in  strata  once  fossili- 
ferous. 

In  the  southern  extremity  of  Norway  there  is  a  largo  district,  on 
the  west  side  of  the  fiord  of  Christiania,  in  which  granite  or  syenite 
protrudes  in  mountain  masses  through  fossiliferous  strata,  and  usually 
sends  veins  into  them  at  the  point  of  contact.  The  stratified  rocks, 
replete  with  shells  and  zoophytes,  consist  chiefiy  of  shale,  limestone, 
and  some  sandstone,  and  all  these  are  invariably  altered  near  the 
granite  for  a  distance  of  from  50  to  400  yards.  The  aluminous 
shales  are  hardened  and  have  become  flinty.  Sometimes  they  re- 
semble jasper.  Ribboned  jasper  is  produced  by  the  hardening  of 
alternate  layers  of  green  and  chocolate-coloured  schist,  each  stripe 
faithfully  representing  the  original  lines  of  stratification.  Nearer 
the  granite  the  schist  often  contains  crystals  of  hornblende,  which 
are  even  met  with  in  some  places  for  a  distance  of  several  hundred 
yards  from  the  junction ;  and  this  black  hornblende  is  so  abundant 
that  eminent  geologists,  when  passing  through  the  country,  have 
confounded  it  with  the  ancient  hornblende-schist,  subordinate  to  the 
great  gneiss  formation  of  Norway.  Frequently,  between  the  granite 
and  the  hornblende  slate,  above  mentioned,  g^ns  of  mica  and  crys- 
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talline  felspar  appear  in  the  schist,  so  that  rocks  resembling  gneia 
and  mica-schist  are  produced.  Fossils  caa  rarely  be  detected  in 
these  schists,  and  thejr  are  more  completely  effaced  in  proportion  to 
the  more  crystalline  texture  of  the  beds,  and  their  vicinity  to  the 
granite.  In  some  places  the  siliceous  matter  of  the  schist  becomes  a 
granular  quartz ;  and  when  hornblende  and  mica  are  added,  the 
altered  rock  loses  its  stratification,  and  passes  into  a  kind  of  granite. 
The  limestone,  which  at  points  remote  from  the  granite  is  of  an 
earthy  texture,  blue  colour,  and  oAen  abounds  in  corals,  becomea  a 
white  grnnular  marble  near  the  granite,  sometimes  siliceous,  the  gra- 
nular structure  extending  occasionaltj  upwards  of  400  yards  from  the 
junction  ;  and  the  corals  being  for  the  most  part  obliterated,  though 
)  preserved,  even  in  the  white  marble.    Both  the  altered 
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limestone  and  hardened  alate  contain  garnets  in  many  places,  also 
ores  of  iron,  lead,  and  copper,  with  some  silver.  These  alterations 
occur  equally,  whether  the  granite  invades  the  strata  in  a  line  parallel 
to  the  general  strike  of  the  fossiliferous  beds,  or  in  a  line  at  right 
angles  to  their  strike,  as  will  be  seen  by  the  accompanying  ground 
pl.n.» 

The  indurated  and  ribboned  schists  above  mentioned  bear  a  strong 
resemblance  to  certun  shales  of  the  coal  found  at  Bnssell's  Hall, 
near  Dudley,  where  coal-mines  have  been  on  fire  for  ages,  Beds  of 
shate  of  considerable  thickness,  lying  over  the  burning  coal,  have 
been  baked  and  hardened  so  as  to  acquire  a  flin^  fractore,  the  layers 
being  alternately  green  and  brick-coloured. 

The  granite  of  Cornwall,  in  like  manner,  sends  forth  veins  into  a 
coarse  argillaceous-schist,  provincially  termed  killas.  This  killas  is 
converted  into  hornblende-schist  near  the  contact  with  the  veins. 
These  appearances  are  well  seen  at  the  junction  of  the  granite  and 
killas,  in  St.  Michael's  Mount,  a  smsll  island  nearly  300  feet  high, 
situated  in  the  bay,  at  a  distance  of  about  three  miles  from  Pen- 
zance. 

The  granite  of  Dartmoor,  in  Devonshire,  says  Sir  H.  De  la  Becbe, 


•  Keilbwn,  Gea  Norr^ca,  pp.  61 — 63. 
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has  intruded  itself  into  the  slate  and  slatj  sandstone  called  greywack^ 
twisting  and  contorting  the  strata,  and  sending  veins  into  them. 
Hence  some  of  the  slate  rocks  have  become  *'  micaceous ;  others  more 
indurated^  and  with  the  characters  of  mica-slate  and  gneiss ;  while 
others  again  appear  converted  into  a  hard-zoned  rock  strongly  im- 
pregnated with  felspar."* 

We  learn  from  the  investigations  of  M.  Dufr^noj,  that  in  the 
eastern  Pyrenees  there  are  mountain  masses  of  granite  posterior  in 
date  to  the  formations  called  lias  and  chalk  of  that  district,  and  that 
these  fossiliferous  rocks  are  greatly  altered  in  texture,  and  often 
charged  with  iron -ore,  in  the  neighbourhood  of  the  granite.  Thus 
in  the  environs  of  St  Martin,  near  St  Paul  de  F^nouillet,  the  chalky 
limestone  becomes  more  crystalline  and  saccharoid  as  it  approaches 
the  granite,  and  loses  all  trace  of  the  fossils  which  it  previously  con.^ 
tained  in  abundance.  At  some  points,  also,  it  becomes  dolomitic, 
and  filled  with  small  veins  of  carbonate  of  iron,  and  spots  of  red 
iron-ore.  At  Rancid  the  lias  nearest  the  granite  is  not  only  filled 
with  iron-ore,  but  charged  with  pyrites,  tremolite,  garnet,  and  a  new 
mineral  somewhat  allied  to  felspar,  called,  from  the  place  in  the 
Pyrenees  where  it  occurs,  "  couzeranite." 

Now  the  alterations  above  described  as  superinduced  in  rocks  by 
volcanic  dikes  and  granite  veins,  prove  incontestably  that  powers 
exist  in  nature  capable  of  transforming  fossiliferous  into  crystalline 
strata — powers  capable  of  generating  in  them  a  new  mineral  charac- 
ter, similar,  nay,  often  absolutely  identical,  with  that  of  gneiss,  mica- 
schist,  and  other  stratified  members  of  the  hypogene  series.  The 
precise  nature  of  these  altering  causes,  which  may  provisionally  be 
termed  plutonic,  is  in  a  great  degree  obscure  and  doubtful ;  but 
their  reality  is  no  less  clear,  and  we  must  suppose  the  influence  of 
heat  to  be  in  «ome  way  connected  with  the  transmutation,  if,  for 
reasons  before  explained,  we  concede  the  igneous  origin  of  granite. 

The  experiments  of  Gregory  Watt,  in  fusing  rocks  in  the  labora- 
tory, and  allowing  them  to  consolidate  by  slow  cooling,  prove  dis- 
tinctly that  a  rock  need  not  be  perfectly  melted  in  order  that  a  re- 
arrangement of  its  component  particles  should  take  place,  and  a 
partial  crystallization  ensuct  We  may  easily  suppose,  therefore, 
that  all  traces  of  shells  and  other  organic  remains  may  be  destroyed ; 
and  that  new  chemical  combinations  may  arise,  without  the  mass 
being  so  fused  as  that  the  lines  of  stratification  should  be  wholly 
obliterated. 

We  must  not,  however,  imagine  that  heat  alone,  such  as  may  be 
applied  to  a  stone  in  the  open  air,  can  constitute  all  that  is  comprised 
in  plutonic  action.  We  know  that  volcanos  in  eruption  not  only  emit 
fiuid  lava,  but  give  off  steam  and  other  heated  gases,  which  rush  out 
in  enormous  volume,  for  days,  weeks,  or  years  continuously,  and  are 
even  disengaged  from  lava  during  its  consolidation.  When  the  materials 
of  granite,  therefore,  came  in  contact  with  the  fossiliferous  stratum  in 

*  GeoL  Manual,  p.  479.  f  ^^^  Tnnn.  1804. 
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the  bowels  of  the  earth  under  great  pressure,  the  contained 
might  be  unable  to  escape ;  jet  when  brought  into  contact  with  rockSy 
might  pass  through  their  pores  with  greater  facility  than  water  is 
known  to  do  (p.  35  ).  These  aeriform  fluids,  such  as  sulphur, 
etted  hydrogen,  muriatic  acid,  and  carbonic  acid,  issue  in  many  places 
from  rents  in  rocks,  which  they  have  discoloured  and  corroded, 
softening  some  and  hardening  others.  If  the  rocks  are  charged  with 
water,  they  would  pass  through  more  readily  ;  for,  according  to  ^e 
experiments  of  Henry,  water,  under  an  hydrostatic  pressure  of 
96  feet,  will  absorb  three  times  as  much  carbonic  acid  gas  as  it  can 
under  the  ordinary  pressure  of  the  atmosphere.  Although  this  in- 
creased power  of  absorption  would  be  diminished,  in  consequence  of 
the  higher  temperature  found  to  exist  as  we  descend  in  the  earth,  yet 
Professor  Bischoff  has  shown  that  the  heat  by  no  means  augments  in 
such  a  propoi*tion  as  to  counteract  the  effect  of  augmented  pressure.* 
There  are  other  gases,  as  well  as  the  carbonic  acid,  which  water 
absorbs,  and  more  rapidly  in  proportion  to  the  amount  of  pressure- 
Now  even  the  most  compact  rocks  may  be  regarded,  before  they  have 
been  exposed  to  the  air  and  dried,  in  the  light  of  sponges  filled  with 
water ;  and  it  is  conceivable  that  heated  gases  brought  into  contact 
with  them,  at  great  depths,  may  be  absorbed  readily,  and  transfused 
through  their  pores.  Although  the  gaseous  matter  first  observed 
would  soon  be  condensed,  and  part  with  its  heat,  yet  the  continual 
arrival  of  fresh  supplies  from  below  might,  in  the  course  of  ages,  cause 
the  temperature  of  the  water,  and  with  it  that  of  the  containing  rock, 
to  be  materially  raised. 

M.  Fournet,  in  his  description  of  the  metalliferous  gneiss  near 
Clermont,  in  Auvergne,  states  that  all  the  minute  fissures  of  the  rock 
are  quite  saturated  with  free  carbonic  acid  gas,  which  rises  plentifully 
from  the  soil  there  and  in  many  parts  of  the  surrounding  country.  The 
various  elements  of  the  gneiss,  with  the  exception  of  the  quartz,  are 
all  softened ;  and  new  combinations  of  the  acid,  with  lime,  iron,  and 
manganese,  are  continually  in  progress-t 

Another  illustration  of  the  power  of  subterranean  gases  is  afforded 
by  the  stufas  of  St.  Calogero,  situated  in  the  largest  of  the  Lipari 
Islands.  Here,  according  to  the  description  published  by  Hoffmann, 
horizontal  strata  of  tuff,  extending  for  4  miles  along  the  coast,  and 
forming  cliffs  more  than  200  feet  high,  have  been  discoloured  in 
various  places,  and  strangely  altered  by  the  "  all-penetrating  vapours," 
Dark  clays  have  become  yellow,  or  often  snow-white ;  or  have  assumed 
a  chequered  or  brecciated  appearance,  being  crossed  with  ferruginous 
red  stripes.  In  some  places  the  fumeroles  have  been  found  by  analysis 
to  consist  partly  of  sublimations  of  oxide  of  iron ;  but  it  also  appears 
that  veins  of  calcedony  and  opal,  and  others  of  fibrous  gypsum,  have 
resulted  from  these  volcanic  exhalations.^ 

*  Poggendorf*8  Annalen,  No.  xvi,  2d  X  Hofiinann*sLiparischen  Inseln,  p.  3S« 
series,  vol.  iil  Leipzig,  1832. 

t  See  Principles,  Index,  **  Carbonated 
Springs,**  &c 
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The  reader  may  also  refer  to  M.  Virlet's  account  of  the  corrosion 
of  hard,  flinty,  and  jaspideous  rocks  near  Corinth,  by  the  prolonged 
agency  of  subterranean  gases* ;  and  to  Dr.  Daubeny's  description  of 
the  decomposition  of  trachytic  rocks  in  the  Solfatara,  near  Naples, 
by  sulphuretted  hydrogen  and  muriatic  acid  gases-f 

Although  in  all  these  instances  we  can  only  study  the  phenomena 
as  exhibited  at  the  surface,  it  is  clear  that  the  gaseous  fluids  must 
have  made  their  way  through  the  whole  thickness  of  porous  or  fissured 
rocks,  which  intervene  between  the  subterranean  reservoirs  of  gas 
and  the  external  air.  The  extent,  therefore,  of  the  earth's  crust, 
which  the  vapours  have  permeated  and  are  now  permeating,  may  be 
thousands  of  fathoms  in  thickness,  and  their  heating  and  modifying 
influence  may  be  spread  throughout  the  whole  of  this  solid  mass. 

We  learn  from  Professor  Bischoff  that  the  steam  of  a  hot  spring 
at  Aix-la-Chapelle,  although  its  temperature  is  only  from  133^  to 
167°  F.,  has  converted  the  surface  of  some  blocks  of  black  marble 
into  a  doughy  mass.  He  conceives,  therefore,  that  steam  in  the 
bowels  of  the  earth  having  a  temperature  equal  or  even  greater  than 
the  melting  point  of  lava,  and  having  an  elasticity  of  which  even 
Papin's  digester  can  give  but  a  faint  idea,  may  convert  rocks  into 
liquid  matter.  I 

The  above  observations  are  calculated  to  meet  some  of  the  objections 
which  have  been  urged  against  the  metamorphic  theory  on  the  ground 
of  the  small  power  of  rocks  to  conduct  heat ;  for  it  is  well  known  that 
rocks,  when  dry  and  in  the  air,  difler  remarkably  from  metals  in  this 
respect.  It  has  been  asked  how  the  changes  which  extend  merely  for 
a  few  feet  from  the  contact  of  a  dike  could  have  penetrated  through 
mountain  masses  of  crystalline  strata  several  miles  in  thickness.  Now 
it  has  been  stated  that  the  plutonic  influence  of  the  syenite  of  Nor- 
way, has  sometimes  altered  fossiliferous  strata  for  a  distance  of  a 
quarter  of  a  mile,  both  in  the  direction  of  their  dip  and  of  their  strike, 
(See  fig.  512.  p.  474.)  This  is  undoubtedly  an  extreme  case;  but  is 
it  not  far  more  philosophical  to  suppose  that  this  influence  may,  under 
favourable  circumstances,  afiect  denser  masses,  than  to  invent  an  en- 
tirely new  cause  to  account  for  eflects  merely  diflering  in  quantity,  and 
not  in  kind  ?  The  metamorphic  theory  does  not  require  us  to  affirm 
that  some  contiguous  mass  of  granite  has  been  the  altering  power ; 
but  merely  that  an  action,  existing  in  the  interior  of  the  earth  at  an 
unknown  depth,  whether  thermal,  electrical,  or  other,  analogous  to  that 
exerted  near  intruding  masses  of  granite,  has,  in  the  course  of  vast 
and  indefinite  periods,  and  when  rising  perhaps  from  a  large  heated 
surface,  reduced  strata  thousands  of  yards  thick  to  a  state  of  semi- 
fusion,  so  that  on  cooling  they  have  become  crystalline,  like  gneiss. 
Granite  may  have  been  another  result  of  the  same  action  in  a  higher 
state  of  intensity,  by  which  a  thorough  fusion  has  been  produced ; 

♦  See  Princ  of  Geol. ;  and  Bulletin  de        t  Jam.  Ed.  New  Phil  Jouitl,  No.  61. 
la  See.  GeoL  de  France,  torn.  ii.  p.  230.        p.  43. 

t  See  Princ  of  GeoL ;  and  Daubeny's 
Yolcanos,  p.  167. 
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and  in  this  manner  the  passage  from  granite  into  gneiss  may  be  ex- 
plained. 

Some  geologists  are  of  opinion,  that  the  alternate  layers  of  mica 
and  quartz,  or  mica  and  felspar,  or  lime  and  felspar,  are  so  much 
more  distinct,  in  certain  metamorphic  rocks,  than  the  ingredients 
composing  alternate  layers  in  many  sedimentary  deposits,  that  the 
similar  particles  must  be  supposed  to  have  exerted  a  molecular  at- 
traction for  each  other,  and  to  have  thus  congregated  together  in 
layers  more  distinct  in  'mineral  composition  than  before  they  were 
crystallized. 

In  considering,  then,  the  various  data  already  enumerated,  the 
forms  of  stratification  in  metamorphic  rocks,  their  passage  on  the  one 
hand  into  the  fossiiiferous,  and  on  the  other  into  the  plutonic  for- 
mations, and  the  conversions  which  can  be  ascertained  to  have 
occurred  in  the  vicinity  of  granite,  we  may  conclude  that  gneiss  and 
mica-schist  may  be  nothing  more  than  altered  micaceous  and  argil- 
laceous sandstones,  that  granular  quartz  may  have  been  derived  from 
siliceous  sandstone,  and  compact  quartz  from  the  same  materials. 
Clay-slate  may  be  altered  shale,  and  granular  marble  may  have 
originated  in  the  form  of  ordinary  limestone,  replete  with  shdlls  and 
corals,  which  have  since  been  obliterated  ;  and,  lastly,  calcareous 
sands  and  marls  may  have  been  changed  into  impure  crystalline 
limestones. 

"  Hornblende-schist,"  says  Dr.  MacCuUoch,  "  may  at  first  have 
been  mere  clay;  for  clay  or  shale  is  found  altered  by  trap  into 
Lydian  stone,  a  substance  differing  from  hornblende-schist  almost 
solely  in  compactness  and  uniformity  of  texture,"*  "In  Shetland,** 
remarks  the  same  author,  "  argillaceous-schist  (or  clay-slate),  when 
in  contact  with  granite,  is  sometimes  converted  into  hornblende- 
schist,  the  schist  becoming  first  siliceous,  and  ultimately,  at  the 
contact,  hornblende-schist.'' t 

The  anthracite  and  plumbago  associated 'with  hypogene  rocks  may 
have  been  coal ;  for  not  only  is  coal  converted  into  anthracite  in  the 
vicinity  of  some  trap  dikes,  but  we  have  seen  that  a  like  change  has 
taken  place  generally  even  far  from  the  contact  of  igneous  rocks,  in 
the  disturbed  region  of  the  Appalachians.}  At  Worcester,  in  the 
state  of  Massachusetts,  45  miles  due  west  of  Boston,  a  bed  of  plum- 
bago and  impure  anthracite  occurs,  interstratified  with  mica- schist. 
It  is  about  2  feet  in  thickness,  and  has  been  made  use  of  both  as 
fuel,  and  in  the  manufacture  of  lead  pencils.  At  the  distance  of  30 
miles  from  the  plumbago,  there  occurs,  on  the  borders  of  Rhode 
Island,  an  impure  anthracite  in  slates,  containing  impressions  of  coal- 
plants  of  the  genera  Pecopteris,  NeuropteriSy  Calamites,  &c.  This 
anthracite  is  intermediate  in  character  between  that  of  Pennsylvania 
and  the  plumbago  of  Worcester,  in  which  last  the  gaseous  or  volatile 
matter  (hydrogen,  oxygen,  and  nitrogen)  is  to  the  carbon  only  in  the 
proportion  of  3  per  cent.     After  traversing  the  country  in  various 

•  Syst  of  GeoL,  vol.  I  p.  210.  f  Sec  above,  pp.  327,  333. 

t  Ibid.,  p.  211. 
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directions,  I  came  to  the  conclusion  that  the  carhoniferous  shales  or 
slates  with  anthracite  and  plants,  which  in  Rhode  Island  often  pass 
into  mica-schist,  have  at  Worcester  assumed  a  perfectly  crystalline 
and  metamorphic  texture ;  the  anthracite  having  been  nearly  trans- 
muted into  that  state  of  pure  carbon  which  is  called  plumbago  or 
graphite.* 

The  total  absence  of  any  trace  of  fossils  has  inclined  many  geo- 
logists to  attribute  the  origin  of  crystalline  strata  to  a  period  ante- 
cedent to  the  existence  of  organic  beings.  Admitting,  they  say,  the 
obliteration,  in  some  cases,  of  fossils  by  plutonic  action,  we  might 
still  expect  that  traces  of  them  would  oftener  occur  in  certain  ancient 
systems  of  slate,  in  which,  as  in  Cumberland,  some  conglomerates 
occur.  But  in  urging  this  argument,  it  seems  to  have  been  forgotten 
that  there  are  stratified  formations  of  enormous  thickness,  and  |of 
various  ages,  and  some  of  them  very  modem,  all  formed  after  the 
earth  had  become  the  abode  of  living  creatures,  which  are,  never- 
theless, in  certain  districts,  entirely  destitute  of  all  vestiges  of 
organic  bodies.  In  some,  the  traces  of  fossils  may  have  been  effaced 
by  water  and  acids,  at  many  successive  periods  ;  and  it  is  clear,  that, 
the  older  the  stratum,  the  greater  is  the  chance  of  its  being  non- 
fossiliferous,  even  if  it  has  escaped  all  metamorphic  action. 

It  has  been  also  objected  to  the  metamorphic  theory,  that  the 
chemical  composition  of  the  secondary  strata  differs  essentially  from 
that  of  the  crystalline  schists,  into  which  they  are  supposed  to  be 
convertible.'!'  The  "  primary "  schists,  it  is  said,  usually  contain  a 
considerable  proportion  of  potash  or  of  soda,  which  the  secondary 
clays,  shales,  and  slates  do  not,  these  last  being  the  result  of  the 
decomposition  of  felspathic  rocks,  from  which  the  alkaline  matter  has 
been  abstracted  during  the  process  of  decoinposition.  But  this 
reasoning  proceeds  on  insufficient  and  apparently  mistaken  data  ;  for 
a  large  portion  of  what  is  usually  called  clay,  marl,  shale,  and  slate 
does  actually  contain  a  certain,  and  often  a  considerable,  proportion 
of  alkali ;  so  that  it  is  difficult,  in  many  countries,  to  obtain  clay  or 
shale  sufficiently  free  from  alkaline  ingredients  to  allow  of  their  being 
burnt  into  bricks  or  used  for  pottery. 

Thus  the  argillaceous  shales  and  slates  of  the  Old  Red  sandstone, 
in  Forfarshire  and  other  parts  of  Scotland,  are  so  much  charged  with 
alkali,  derived  from  triturated  felspar,  that,  instead  of  hardening  when 
exposed  to  fire,  they  sometimes  melt  into  a  glass.  They  contain  no 
lime,  but  appear  to  consist  of  extremely  minute  grains  of  the  various 
ingredients  of  granite,  which  are  distinctly  visible  in  the  coarser- 
grained  varieties,  and  in  almost  all  the  interposed  sandstones.  These 
laminated  clays  and  shales  might  certainly,  if  crystallized,  resemble  in 
composition  many  of  the  primary  strata. 

There  is  also  potash  in  fossil  vegetable  remains,  ai\d  soda  in  the 
salts  by  which  strata  are  sometimes  so  largely  impregnated,  as  in 
Patagonia. 

•  See  Lyell,  Qaart  GeoL  Journ.,  toL  l  i  Ik,  Boase,  Primary  Geology,  p.  319. 
p.  199. 
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Another  objection  has  been  derived  from  the  altematioii  of  higlilj 
crystalline  strata  with  others  having  a  less  crystalline  texture. 
The  heat,  it  is  said,  in  its  ascent  from  below,  most  have  traversed  the 
less  altered  schists  before  it  reached  a  higher  and  more  crystalline 
bed.  In  answer  to  this,  it  may  be  observed,  that  if  a  number  of 
strata  differing  greatly  in  composition  from  each  other  be  subjected 
to  equal  quantities  of  heat,  there  is  every  probability  that  some  will 
be  more  fusible  than  others.  Some,  for  example,  will  contain  soda, 
potash,  lime,  or  some  other  ingredient  capable  of  acting  as  a  flux  ; 
while  others  may  be  destitute  of  the  same  elements,  and  so  refractory 
as  to  be  very  slightly  affected  by  a  degree  of  heat  capable  of  reducing 
others  to  semi-fusion.  Nor  should  it  be  forgotten  that,  as  a  general 
rule,  the  less  crystalline  rocks  do  really  occur  in  the  upper,  and  the 
more  crystalline  in  the  lower  part  of  each  metamorphic  series. 

There  are  geologists,  however,  of  high  authority,  who  admit  the 
metamorphic  origin  of  gneiss  and  mica-schist  even  on  a  grand  scale 
in  some  mountain-chains,  and  who  nevertheless  believe  that  gneiss  has 
in  some  instances  been  an  eruptive  rock,  deriving  its  lamination  frxym 
motion  when  in  a  fluid  or  viscous  state.  Mr.  Scrope,  in  his  descrip- 
tion of  the  Ponza  Islands,  ascribes  "  the  zoned  structure  of  the  Hun- 
garian perlite  (a  semi-vitreous  trachyte)  to  its  having  subsided,  in 
obedience  to  the  impulse  of  its  own  gravity,  down  a  slightly  inclined 
plane,  while  possessed  of  an  imperfect  fluidity.  In  the  islands  of 
Ponza  and  Palmarola,  the  direction  of  the  zones  is>  more  frequently 
vertical  than  horizontal,  because  the  mass  was  impelled  from  below 
upwards."*  In  like  manner,  Mr.  Darwin  attributes  the  lamination 
and  fissile  structure  of  volcanic  rocks  of  the  trachytic  series,  including 
some  obsidians  in  Ascension,  Mexico,  and  elsewhere,  to  their  having 
moved  when  liquid  in  the  direction  of  the  laminae.  The  zones  con- 
sist sometimes  of  layers  of  air-cells  drawn  out  and  lengthened  in  the 
supposed  direction  of  the  moving  mass.  He  compares  this  division 
into  parallel  zones,  thus  caused  by  the  stretching  of  a  pasty  mass  as 
it  flowed  slowly  onwards,  to  the  zoned  or  ribboned  structure  of  ice, 
which  Professor  James  Forbes  has  so  ably  explained,  showing  that  it 
is  due  to  the  Assuring  of  a  viscous  body  in  motion.f 

M.  Elie  de  Beaumont,  while  he  regards  the  greater  part  of  the 
gneiss  and  mica-schist  of  the  Alps  as  sedimentary  strata  altered  by 
plutonic  action,  still  conceives  that  some  of  the  Alpine  gneiss  may 
have  been  erupted,  or,  in  other  words,  may  be  granite  drawn  out  into 
parallel  laminae  in  the  manner  of  trachyte  as  above  alluded  to.| 

Opinions  such  as  these,  and  others  which  might  be  cited,  prove  the 
difficulty  of  arriving  at  clear  theoretical  views  on  this  subject.  1 
may  also  add  another  difficulty.  In  many  extensive  regions  ex- 
perienced geologists  have  been  at  a  loss  to  decide  which  of  two  sets  of 
divisional  planes  were  referable  to  cleavage  and  which  to  stratification ; 
and  that,  too,  where  the  rocks  are   of  undisputed  aqueous   origin. 

♦  OcoL  Trans.,  2d  series,  vol  ii.  t  Darwin,  Volcanic  Islands,  pp.  69, 
p.  227.  ^  70. 

t  Balletin,  vol  xv.  p.  1301. 
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After  much  doubt,  thej  have  sometimes  discovered  that  thej  had  at 
first  mistaken  the  lines  of  cleavage  for  those  of  deposition,  because 
the  former  were  by  far  the  most  marked  of  the  two.  Now  if  such  slaty 
masses  should  become  highly  crystalline,  and  be  converted  into  gneiss, 
hornblende-schist,  or  any  other  member  of  the  hypogene  class,  the 
cleavage  planes  would  be  more  likely  to  remain  visible  than  those  of 
stratification,  and  we  might  then  err  by  calling  in  the  analogy  of 
obsidian,  and  supposing  the  division  into  slates  to  be  derived  from 
motion  when  the  mass  was  in  a  fiuid  or  semi-fiuid  state. 

The  cause  last-mentioned  may  undoubtedly  be  a  "  vera  causa,"  as 
applied  to  gneiss  and  mica-schist ;  but,  if  so,  I  believe  it  to  be  the 
exception  to  a  general  rule.  Nor  would  it,  I  conceive,  produce  that 
kind  of  irregular  parallelism  in  the  laminae  which  belongs  to  so  many 
of  the  hypogene  rocks  of  the  Grampians,  Pyrenees,  and  the  White 
mountains  of  North  America,  where  I  have  chiefly  studied  them. 

But  it  will  be  impossible  for  the  reader  duly  to  appreciate  the  pro- 
priety of  the  term  metamorphic,  as  applied  to  the  strata  formerly 
called  primitive,  until  I  have  shown,  in  the  next  chapter,  at  how 
many  distinct  periods  these  crystalline  strata  have  been  formed. 


CHAPTER  XXXVIL 

ON   THE  DIFFERENT  AGES  OF  THE  METAMORPHIC   ROCKS. 

Age  of  each  set  of  metamorphic  strata  twofold — Test  of  age  by  fossils  and  mineral 
character  not  available — Test  bj  saperposition  ambiguous — Conversion  of  dense 
masses  of  fossiliferoos  strata  into  metamorphic  rocks  —  Limestone  and  shale  of 
Carrara — Metamorphic  strata  of  modem  periods  in  the  Alps  of  Switzerland  and 
Savoy — Why  the  visible  crystalline  strata  are  none  of  them  very  modem — Order 
of  succession  in  metamorphic  rocks — Uniformity  of  mineral  character — Why  the 
metamorphic  strata  are  less  calcareous  than  the  fossiliferous. 

According  to  the  theory  adopted  in  the  last  chapter,  the  age  of  each 
set  of  metamorphic  strata  is  twofold — they  have  been  deposited  at  one 
period,  they  have  become  crystalline  at  another.  We  can  rarely  hope 
to  define  with  exactness  the  date  of  both  these  periods^  the  fossils 
having  been  destroyed  by  plutonic  action,  and  the  mineral  characters 
being  the  same,  whatever  the  age.  Superposition  itself  is  an  am- 
biguous test,  especially  when  we  desire  to  determine  the  period  of 
crystallization.  Suppose,  for  example,  we  are  convinced  that  certain 
metamorphic  strata  in  the  Alps,  which  are  covered  by  cretaceous  beds, 
are  altered  lias ;  this  lias  may  have  assumed  its  crystalline  texture  in 
the  cretaceous  or  in  some  tertiary  period,  the  Eocene  for  example.  If 
in  the  latter,  it  should  be  called  Eocene  when  regarded  as  a  meta- 
morphic rock,  although  it  be  liassic  when  considered  in  reference  to 
the  era  of  its  deposition.     According  to  this  view,  the  superposition 
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of  chalk  does  not  prevent  the  subjacent  meiamorpkie  rock  from  beiiig 
Eocene.  If,  howerer,  in  the  progress  of  science,  we  shoold  laoeeed 
in  ascertaining  the  twofold  chronological  relations  of  the  mctamorphie 
formations,  it  might  be  nsefol  to  adopt  a  twofold  termiiiologj.  We 
might  call  the  strata  above  alladed  to  Liassic-Eocene;,  or  Liaasic-Cre- 
taceoos  strata  of  the  Hjpogene  class ;  the  first  term  referring  to  the 
era  of  deposition,  the  second  to  that  of  crystallization. 

When  discussing  the  ages  of  the  plutonic  rocks,  we  have  seen  that 
examples  occur  of  various  primary,  secondary,  and  tertiary  deponts 
converted  into  metamorphic  strata,  near  their  contact  with  granite. 
There  can  be  no  doubt  in  these  cases  that  strata,  once  composed  of 
mud,  sand,  and  gravel,  or  of  clay,  marl,  and  shelly  limestone,  have  for 
the  distance  of  several  yards,  and  in  some  instances  several  hundred 
feet,  been  turned  into  gneiss,  mica- schist,  hornblende-schist,  chlorite- 
schist,  quartz  rock,  statuary  marble,  and  the  rest.  (See  the  two 
preceding  Chapters.) 

But  when  the  metamorphic  action  has  operated  on  a  grander  scale^ 
it  tends  entirely  to  destroy  all  monuments  of  the  date  of  its  develop- 
ment. It  may  be  easy  to  prove  the  identity  of  two  different  parts  of 
the  same  stratum ;  one,  where  the  rock  has  been  in  contact  with  a 
volcanic  or  plutonic  mass,  and  has  been  changed  into  marble  or  horn- 
blende-schist, and  another  not  far  distant,  where  the  same  bed 
remains  unaltered  and  fossiliferous ;  but  when  we  have  to  compare 
two  portions  of  a  mountain  chain  —  the  one  metamorphic,  and  the 
other  unaltered  —  all  the  labour  and  skill  of  the  most  practised  ob- 
servers are  required.  I  shall  mention  one  or  two  examples  of  altera- 
tion on  a  grand  scale,  in  order  to  explain  to  the  student  the  kind  of 
reasoning  by  which  we  are  led  to  infer  that  dense  masses  of  fossili- 
ferous strata  have  been  converted  into  crystalline  rocks. 

Northern  Apennines  —  Carrara,  —  The  celebrated  marble  of 
Carrara,  used  in  sculpture,  was  once  regarded  as  a  type  of  primitive 
limestone.  It  abounds  in  the  mountains  of  l^Iassa  Carrara,  or  the 
'^  Apuan  Alps,"  as  they  have  been  called,  the  highest  peaks  of  which 
are  nearly  6000  feet  high.  Its  great  antiquity  was  inferred  from  its 
mineral  texture,  from  the  absence  of  fossils,  and  its  passage  down- 
wards into  talc-schist  and  gametiferous  mica-schist ;  these  rocks  again 
graduating  downwards  into  gneiss,  which  is  penetrated,  at  Fomo,  bj 
granite  veins.  Now  the  researches  of  MM.  Savi,  Bou^,  Pareto^ 
Guidoni,  De  la  Becbe,  Hoffmann,  and  Pilla,  have  demonstrated  that 
this  marble,  once  supposed  to  be  formed  before  the  existence  of  or- 
ganic beings,  is,  in  fact,  an  altered  limestone  of  the  Oolitic  period* 
and  the  underlying  crystalline  schists  are  secondary  sandstones  and 
shales,  modified  by  plutonic  action.  In  order  to  establish  these  con- 
clusions it  was  first  pointed  out,  that  the  calcareous  rocks  bordering 
the  Gulf  of  iSpezia,  and  abounding  in  Oolitic  fossils,  assume  a  texture 
like  that  of  Carrara  marble,  in  proportion  as  they  are  more  and  more 
invaded  by  certain  trappcan  and  plutonic  rocks,  such  as  diorite^  eu- 
photide,  serpentine,  and  granite,  occurring  in  the  same  country. 
It  was  then  observed  that,  in  places  where  the  secondary  formations 
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are  unaltered,  the  uppermost  consist  of  common  Apennine  limestone 
with  nodules  of  flint,  below  which  are  shales,  and  at  the  base  of  all, 
argillaceous  and  siliceous  sandstones.  In  the  limestone,  fossils  are 
frequent,  but  very  rare  in  the  underlying  shale  and  sandstone.  Then 
a  gradation  was  traced  laterally  from  these  rocks  into  another  and 
corresponding  series,  which  is  completely  metamorphic;  for  at  the 
top  of  this  we  find  a  white  granular  marble,  wholly  devoid  of  fossils, 
and  almost  without  stratification,  in  which  there  are  no  nodules  of 
flint,  but  in  its  place  siliceous  matter  disseminated  through  the  mass 
in  the  form  of  prisms  of  quartz.  Below  this,  and  in  place  ^  of  the 
shales,  are  talc-schists,  jasper,  and  hornstone  ;  and  at  the  bottom,  in- 
stead of  the  siliceous  and  argillaceous  sandstones,  are  quartzite  and 
gneiss.*  Had  these  secondary  strata  of  the  Apennines  undergone 
universally  as  great  an  amount  of  transmutation,  it  would  have  been 
impossible  to  form  a  conjecture  respecting  their  true  age ;  and  then, 
according  to  the  common  method  of  geological  classification,  they 
would  have  ranked  as  primary  rocks.  In  that  case  the  date  of  their 
origin  would  have  been  thrown  back  to  an  era  antecedent  to  the  de- 
position of  the  Lower  Silurian  or  Cambrian  strata,  although  in  reality 
they  were  formed  in  the  Oolitic  period,  and  altered  at  some  subse- 
quent and  perhaps  much  later  epoch. 

Alps  of  Switzerland, — In  the  Alps,  analogous  conclusions  have 
been  drawn  respecting  the  alteration  of  strata  on  a  still  more  ex- 
tended scale.  In  the  eastern  part  of  that  chain,  some  of  the  primary 
fossiliferous  strata,  as  well  as  the  older  secondary  formations,  toge- 
ther with  the  oolitic  and  cretaceous  rocks,  are  distinctly  recognizable. 
Tertiary  deposits  also  appear  in  a  less  elevated  position  on  the  flanks 
of  the  Eastern  Alps  ;  but  in  the  Central  or  Swiss  Alps,  the  primary 
fossiliferous  and  older  secondary  formations  disappear,  and  the  Cre- 
taceous, Oolitic,  Liassic,  and  at  some  points  even  the  Eocene  strata, 
graduate  insensibly  into  metamorphic  rocks,  consisting  of  granular 
limestone,  talc-schist,  talcose-gneiss,  micaceous  schist,  and  other 
varieties.  In  regard  to  the  age  of  this  vast  assemblage  of  crystalline 
strata,  we  can  merely  affirm  that  some  of  the  upper  portions  are 
altered  newer  secondary,  and  some  of  them  even  Eocene  deposits ; 
but  we  cannot  avoid  suspecting  that  the  disappearance  both  of  the 
older  secondary  and  primary  fossiliferous  rocks  may  be  owing  to 
their  having  been  all  converted  in  this  region  into  crystalline  schist. 

It  is  difficult  to  convey  to  those  who  have  never  visited  the  Alps 
a  just  idea  of  the  various  proofs  which  concur  to  produce  this  con- 
viction. In  the  first  place,  there  are  certain  regions  where  Oolitic, 
Cretaceous,  and  £k)cene  strata  have  been  turned  into  granular  marble, 
gneiss,  and  other  metamorphic  schists,  near  their  contact  with  gra- 
nite. This  fact  shows  undeniably  that  plutonic  causes  continued  to 
be  in  operation  in  the  Alps  down  to  a  late  period,  even  after  the 
deposition  of  some  of  the  nummulitic  or  older  Eocene  formations. 

•  See  notices  of  Savi,  Hoffmann,  and  torn.  iii.  p.  xliv.;  also  Pilla,  cited  by  Mur- 

others,  referred  to  by  Bou6,  BuU.  de  la  chison,  Quart  QeoL  Joum.,  toL  t.  p. 

Soc  Geol.  de  Eranoe,  torn.  v.  p.  S 1 7. ;  and  266. 
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occurs  a  mass  of  gneiss  1000  feet  thick,  and  15,000  feet  long,  which 
I  examined,  not  only  resting  upon,  but  also  again  covered  by  strata 
containing  oolitic  fossils.  These  anomalous  appearances  may  partly 
be  explained  by  supposing  great  solid  wedges  of  intrusive  gneiss  to 
have  been  forced  in  laterally  between  strata  to  which  I  found  them 
to  be  in  many  sections  unconformable.  The  superposition,  also,  of 
the  gneiss  to  the  oolite  may,  in  some  cases,  be  due  to  a  reversal  of  the 
original  position  of  the  beds  in  a  region  where  the  convulsions  have 
been  on  so  stupendous  a  scale. 

On  the  Sattel  also,  at  the  base  of  the  Gestellihorn,  above  Enzen, 
in  the  vallev  of  Urbacb,  near  Meyringen,  some  of  the  intercalations 
of  gneiss  between  fossiliferous  strata  may,  I  conceive,  be  ascribed  to 
mechanical  derangement.  Almost  any  hypothesis  of  repeated  changes 
of  position  may  be  resorted  to  in  a  region  of  such  extraordinary  con- 
fusion. The  secondary  strata  may  first  have  been  vertical,  and  then 
certain  portions  may  have  become  metamorphic  (the  plutonic  influence 
ascending  from  below),  while  intervening  strata  remained  unchanged. 
The  whole  series  of  beds  may  then  again  have  been  thrown  into  a 
nearly  horizontal  position,  giving  rise  to  the  superposition  of  crystal- 
line upon  fossiliferous  formations. 

It  was  remarked,  in  Chap.  XXXTV.,  that  as  the  hypogene  rocks, 
both  stratified  and  unstratified,  crystallize  originally  at  a  certain 
depth  beneath  the  surface,  they  must  always,  before  they  are  up- 
raised and  exposed  at  the  surface,  be  of  considerable  antiquity,  rela- 
tively to  a  large  portion  of  the  fossiliferous  and  volcanic  rocks. 
They  may  be  forming  at  all  periods  ;  but  before  any  of  them  can 
become  visible,  they  must  be  raised  above  the  level  of  the  sea,  and 
some  of  the  rocks  which  previously  concealed  them  must  have  been 
removed  by  denudation. 

Order  of  succession  in  metamorphic  rocks, — There  is  no  universal 
and  invariable  order  of  superposition  in  metamorphic  rocks,  although 
a  particular  arrangement  may  prevail  throughout  countries  of  great 
extent,  for  the  same  reason  that  it  is  traceable  in  those  sedimentary 
formations  from  which  crystalline  strata  are  derived.  Thus,  for 
example,  we  have  seen  that  in  the  Apennines,  near  Carrara,  the 
descending  series,  where  it  is  metamorphic^  consists  of,  1st,  saccha- 
rine marble;  2dly,  talcose-schist ;  and  3dly,  of  quartz-rock  and 
gneiss ;  where  unaltered,  of,  1st,  fossiliferous  limestone  ;  2dly,  shale; 
and  3dly,.  sandstone. 

But  if  we  investigate  different  mountain  chains,  we  find  gneiss, 
mica-schist,  hornblende-scbist,  chlorite-schist,  hypogene  limestone, 
and  other  rocks,  succeeding  each  other,  and  alternating  with  each 
other,  in  every  possible  order.  It  is,  indeed,  more  common  to  meet 
with  some  variety  of  clay-slate  forming  the  uppermost  member  of  a 
metamorphic  series  than  any  other  rock ;  but  this  fact  by  no  means 
implies,  as  some  have  imagined,  that  all  clay-slates  were  formed  at 
the  close  of  an  imaginary  period,  when  the  deposition  of  the  crys- 
talline strata  gave  way  to  that  of  ordinary  sedimentary  deposits. 
Such  day-slates,  in  fac^  are  variable  in  composition,  and  sometimes 
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alternate  with  fossiliferous  strata,  so  that  thej  may  be  said  to  belong 
almost  equally  to  the  sedimentary  and  metamorphic  order  of  rocks. 
It  is  probable  that  had  they  been  subjected  to  more  intense  plutonic 
action,  they  would  have  been  transformed  into  hornblende-schist, 
foliated  chlorite-schist,  scaly  talcose-schist,  mica-schist,  or  other  more 
perfectly  crystalline  rocks,  such  as  are  usually  associated  with  gneiss. 

Uniformity  of  mineral  character  in  Hypogene  rocks, — Humboldt 
has  emphatically  remarked,  that  when  we  pass  to  another  hemisphere^ 
we  see  new  forms  of  animals  and  plants,  and  even  new  constellations 
in  the  heavens;  but  in  the  rocks  we  still  recognize  our  old  ac- 
quaintances,— the  same  granite,  the  same  gneiss,  the  same  micaceous 
schist,  quartz-rock,  and  the  rest.  It  is  certainly  true  that  there  is  a 
great  and  striking  general  resemblance  in  the  principal  kinds  of 
hypogene  rocks,  although  of  very  different  ages  and  countries ;  but 
it  has  been  shown  that  each  of  these  are,  in  fact,  geological  families 
of  rocks,  and  not  definite  mineral  compounds.  They  are  much  more 
uniform  in  aspect  than  sedimentary  strata,  because  these  last  are 
often  composed  of  fragments  varying  greatly  in  form,  size,  and  colour, 
and  contain  fossils  of  different  shapes  and  mineral  composition,  and 
acquire  a  variety  of  tints  from  the  mixture  of  various  kinds  of  sedi- 
ment. The  materials  of  such  strata,  if  melted  and  made  to  crystallize, 
would  be  subject  to  chemical  laws,  simple  and  uniform  in  their 
action,  the  same  in  every  climate,  and  wholly  undisturbed  by  me- 
chanical and  organic  causes. 

Nevertheless,  it  would  be  a  great  error  to  assume  that  the  hypo- 
gene  rocks,  considered  as  aggregates  of  simple  minerals,  are  really 
more  homogeneous  in  their  composition  than  the  several  members  of 
the  sedimentary  series.  In  the  first  place,  different  assemblages  of 
hypogene  rocks  occur  in  different  countries;  and,  secondly,  in  any 
one  district,  the  rocks  which  pass  under  the  same  name  are  often 
extremely  variable  in  their  component  ingredients,  or  at  least  in  the 
proportions  in  which  each  of  these  are  present.  Thus,  for  example^ 
gneiss  and  mica- schist,  so  abundant  in  the  Grampians,  are  wanting 
in  Cumberland,  Wales,  and  Cornwall;  in  parts  of  the  Swiss  and 
Italian  Alps,  the  gneiss  and  granite  are  talcose,  and  not  micaceous, 
as  in  Scotland  ;  hornblende  prevails  in  the  granite  of  Scotland—- 
schorl  in  that  of  Cornwall — albite  in  the  plutonic  rocks  of  the  Andes 
—common  felspar  in  those  of  Europe.  In  one  part  of  Scotland,  the 
mica-schist  is  full  of  garnets;  in  another  it  is  wholly  devoid  of  them: 
while  in  South  America,  according  to  Mr.  Darwin,  it  is  the  gneiss, 
and  not  the  mica-schist,  which  is  most  commonly  gametiferons. 
And  not  only  do  the  proportional  quantities  of  felspar,  quartz,  micai 
hornblende,  and  other  minerals,  vary  in  hypogene  rocks  bearing  the 
same  name ;  but  what  is  still  more  important,  the  ingredients,  as  we 
have  seen,  of  the  same  simple  mineral  are  not  always  constant 
(p.  369.,  and  table,  p.  377.). 

The  Metamorphic  strata,  why  less  calcareotis  than  the  fossiliferous. 
— It  has  been  remarked,  that  the  quantity  of  calcareous  matter  in 
metamorphic  strata,  or,  indeed,  in  the  hypogene  formations  generally, 
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is  far  less  than  in  fossiliferous  deposits.  Thus  the  crystalline  schists 
of  the  Grampians  in  Scotland,  consisting  of  gneiss,  mica-schist,  horn- 
blende-schist^ and  other  rocks,  many  thousands  of  jards  in  thickness^ 
contain  an  exceedingly  small  proportion  of  interstratified  calcareous 
beds,  although  these  have  been  the  objects  of  careful  search  for  eco« 
nomical  purposes.  Tet  limestone  is  not  wanting  in  the  Grampians, 
and  it  is  associated  sometimes  with  gneiss,  sometimes  with  mica- 
schist,  and  in  other  places  with  other  members  of  the  metamorphic 
series.  But  where  limestone  occurs  abundantly,  as  at  Carrara,  and 
in  parts  of  the  Alps,  in  connection  with  hypogene  rocks,  it  usually 
forms  one  of  the  superior  members  of  the  crystalline  group. 

The  scarcity,  then,  of  carbonate  of  lime  in  the  plutonic  and  meta- 
morphic rocks  generally,  seems  to  be  the  result  of  some  general  cause. 
So  long  as  the  hypogene  rocks  were  believed  to  have  originated  ante- 
cedently to  the  creation  of  organic  beings,  it  was  easy  to  impute  the 
absence  of  lime  to  the  non-existence  of  those  mollusca  and  zoophytes 
by  which  shells  and  corals  are  secreted ;  but  when  we  ascribe  the  crys- 
talline formations  to  plutonic  action,  it  is  natural  to  inquire  whether 
this  action  itself  may  not  tend  to  expel  carbonic  acid  and  lime  from 
the  materials  which  it  reduces  to  fusion  or  semi-fusion.  Although 
we  cannot  descend  into  the  subterranean  regions  where  volcanic  heat 
is  developed,  we  can  observe  in  regions  of  spent  volcanos,  such  as 
Auvergne  and  Tuscany,  hundreds  of  springs,  both  cold  and  thermal, 
flowing  out  from  granite  and  other  rocks^  and  having  their  waters 
plentifully  charged  with  carbonate  of  lime.  The  quantity  of  cal- 
careous matter  which  these  springs  transfer,  in  the  course  of  ages, 
from  the  lower  parts  of  the  earth's  crust  to  the  superior  or  newly 
formed  parts  of  the  same,  must  be  considerable.* 

If  the  quantity  of  siliceous  and  aluminous  ingredients  brought  up  by 
such  springs  were  great,  instead  of  being  utterly  insignificant,  it  might 
be  contended  that  the  mineral  matter  thus  expelled  implies  simply  the 
decomposition  of  ordinary  subterranean  rocks;  but  the  prodigious  ex- 
cess of  carbonate  of  lime  over  every  other  element  must,  in  the  course 
of  time,  cause  the  crust  of  the  earth  below  to  be  almost  entirely  de- 
prived of  its  calcareous  constituents,  while  we  know  that  the  same 
action  imparts  to  newer  deposits,  ever  forming  in  seas  and  lakes,  an 
excess  of  carbonate  of  lime.  Calcareous  matter  is  poured  into  these 
lakes,  and  the  ocean,  by  a  thousand  springs  and  rivers ;  so  that  part 
of  almost  every  new  calcareous  rock  chemically  precipitated,  and  of 
many  reefs  of  shelly  and  coralline  stone,  must  be  derived  from  mineral 
matter  subtracted  by  plutonic  agency,  and  driven  up  by  gas  and  steam 
from  fused  and  heated  rocks  in  the  bowels  of  the  earth. 

Not  only  carbonate  of  lime,  but  also  free  carbonic  acid  gas  is  given 
off  plentifully  from  the  soil  and  crevices  of  rocks  in  regions  of  active 
and  spent  volcanos,  as  near  Naples,  and  in  Auvergne.  By  this  pro- 
cess, fossil  shells  or  corals  may  often  lose  their  carbonic  add,  and  the 
residual  lime  may  enter  into  the  composition  of  augite,  hornblende,  gar- 

*  ^  PHnciples,  Index,  **  Caloareous  SpriDgs,** 

XI4 


488  MINERAL  VEINS.  [Ch.  XXXVIIL 

net,  and  other  hypogene  minerals.  That  the  removal  of  the  calcareous 
matter  of  fossil  shells  is  of  frequent  occurrence,  is  proved  by  the  fact 
of  such  organic  remains  being  often  replaced  by  silex  or  other  minerals, 
and  sometimes  by  the  space  once  occupied  by  the  fossil  being  left  empty, 
or  only  marked  by  a  faint  impression.  We  ought  not  indeed  to 
marvel  at  the  general  absence  of  organic  remains  from  the  crystalline 
strata,  when  we  bear  in  mind  how  often  fossils  are  obliterated,  wholly 
or  in  part,  even  in  tertiary  formations — how  often  vast  masses  of 
sandstone  and  shale,  of  different  ages,  and  thousands  of  feet  thick,  are 
devoid  of  fossils — how  certain  strata  may  first  have  been  deprived  of 
a  portion  of  their  fossils  when  they  became  semi-crystalline,  or  as- 
sumed the  transition  state  of  Werner — and  how  the  remaining  organic 
remains  have  been  effaced  when  tliey  were  rendered  metamorphic. 
Some  rocks  of  the  last-mentioned  class,  moreover,  must  have  been 
exposed  again  and  again  to  renewed  plutonic  action. 
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Werner's  doctrine  that  mineral  veins  were  fissures  filled  firom  above — ^Veins  of  segre- 
gation—  Ordinary  metalliferous  veins  or  lodes— Their  frequent  coincidence  with 
faults — Proofs  that  they  originated  in  fissures  in  solid  rock — Veins  shifting  other 
veins — Polishing  of  their  walls — Shells  and  pebbles  in  lodes — Evidence  of  the 
successive  enlargement  and  re-opening  of  veins — Foumet's  observations  in  Au- 
vergne — Dimensions  of  veins — Why  some  alternately  swell  out  and  contract— 

Filling  of  lodes  by  sublimation  from  below — Chemical  and  electrical  action 

Kelative  age  of  the  precious  metals — Copper  and  lead  veins  in  Ireland  older  than 
Cornish  tin — Lead  vein  in  lias,  Glamorganshire — Gold  in  Bussia — Connection 
of  hot  springs  and  mineral  veins — Concluding  remarks. 

The  manner  in  which  metallic  substances  are  distributed  through  the 
earth's  crust,  and  more  especially  the  phenomena  of  those  nearly 
vertical  and  tabular  masses  of  ore  called  mineral  veins,  from  which 
the  larger  part  of  the  precious  metals  used  by  man  are  obtained,  — these 
are  subjects  of  the  highest  practical  importance  to  the  miner,  and  of 
no  less  theoretical  interest  to  the  geologist. 

The  views  entertained  respecting  metalliferous  veins  have  been 
modified,  or,  rather,  have  undergone  an  almost  complete  revolution, 
since  the  middle  of  the  last  century,  when  Werner,  as  director  of  the 
School  of  Mines,  at  Freiberg  in  Saxony,  first  attempted  to  generalize 
the  facts  then  known.  He  taught  that  mineral  veins  had  originally 
been  open  fissures  which  were  gradually  filled  up  with  crystalline 
and  metallic  matter,  and  that  many  of  them,  after  being  once  filled, 
had  been  again  enlarged  or  reopened.  He  also  pointed  out  that  veins 
thus  formed  are  not  all  referable  to  one  era,  but  are  of  various  geo- 
logical dates. 
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Such  opinions,  although  slightly  hinted  at  hj  earlier  writers,  had 
never  before  been  generally  received,  and  their  announcement  hj  one 
of  high  authority  and  great  experience  constituted  an  era  in  the 
science.  Nevertheless,  I  have  shown,  when  tracing,  in  another  work, 
the  history  and  progress  of  geology,  that  Werner  was  far  behind  some 
of  his  predecessors  in  his  theory  of  the  volcanic  rocks,  and  less  en- 
lightened than  his  contemporary.  Dr.  Hutton,  in  his  speculations  as  to 
the  origin  of  granite.*  According  to  him,  the  plutonic  formations,  as 
well  as  the  crystalline  schists,  were  substances  precipitated  from  a 
chaotic  fluid  in  some  primeval  or  nascent  condition  of  the  planet ; 
and  the  metals,  therefore,  being  closely  connected  with  them,  had 
partaken,  according  to  him,  of  a  like  mysterious  origin.  He  also 
held  that  the  trap  rocks  were  aqueous  deposits,*and  that  dikes  of  por- 
phyry, greenstone,  and  basalt,  were  fissures  filled  with  their  several 
contents  from  above.  Hence  he  naturally  inferred  that  mineral  veins 
had  derived  their  component  materials  from  an  incumbent  ocean, 
rather  than  from  a  subterranean  source  ;  that  these  materials  had 
been  first  dissolved  in  the  waters  above,  instead  of  having  risen  up 
by  sublimation  from  lakes  and  seas  of  igneous  matter  below. 

In  proportion  as  the  hypothesis  of  a  primeval  fluid,  or  "  chaotic 
menstruum,"  was  abandoned,  in  reference  to  the  plutonic  formations, 
and  when  all  geologists  had  come  to  be  of  one  mind  as  to  the  true 
relation  of  the  volcanic  and  trappean  rocks,  reasonable  hopes  began 
to  be  entertained  that  the  phenomena  of  mineral  veins  might  be 
explained  by  known  causes,  or  by  chemical,  thermal,  and  electrical 
agency  still  at  work  in  the  interior  of  the  earth.  The  grounds  of 
this  conclusion  will  be  better  understood  when  the  geological  facts 
brought  to  light  by  mining  operations  have  been  described  and 
explained. 

On  different  kinds  of  mineral  veins, — Every  geologist  is  fami- 
liarly acquainted  with  those  veins  of  quartz  which  abound  in  hypogene 
strata,  forming  lenticular  masses  of  limited  extent  They  are  some- 
times observed,  also,  in  sandstones  and  shales.  Veins  of  carbonate 
of  lime  are  equally  common  in  fossiliferous  rocks,  especially  in  lime- 
stones. Such  veins  appear  to  have  once  been  chinks  or  smfJl  cavities, 
caused,  like  cracks  in  clay,  by  the  shrinking  of  the  mass,  which  has 
consolidated  from  a  fluid  state,  or  has  simply  contracted  its  dimensions 
in  passing  from  a  higher  to  a  lower  temperature.  Siliceous,  calca- 
reous, and  occasionally  metallic  matters,  have  sometimes  found  their 
way  simultaneously  into  such  empty  spaces,  by  infiltration  from  the 
surrounding  rocks,  or  by  segregation,  as  it  is  often  termed.  Mixed 
with  hot  water  and  steam,  metallic  ores  may  have  permeated  a  pasty 
matrix  until  they  reached  those  receptacles  formed  by  shrinkage,  and 
thus  gave  rise  to  that  irregular  assemblage  of  veins,  called  by  the 
Germans,  a  ^^  stockwerk,**  in  allusion  to  the  different  floors  on  which 
the  mining  operations  are  in  such  cases  carried  on. 

The  more  ordinary  or  regular  veins  are  usually  worked  in  vertical 

*  Principles,  &c  chap.  ir.  8th  ed.  p.  49. 
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of  a  consideraUe  |iro* 
portion  of  mineral  Teina 
wiih/aMiiMj  or  those  dis- 
locadons  of  rocks  which 
are  indispotablj  doe  to 
mechanical  force;,  as 
aboTe  explained  (p.  62.). 
There  are  ew&k  proofs 
in  almost  erery  mining 
district  of  a  mccession 
of  faults,  bj  which  the 
opposite  walls  of  rents, 
now  the  receptacles  of 
metallicsobstancesyhave 
suffered  displacement. 
Thus,  for  example,  sup- 
pose a  Oy  fig.  513^  to  be 
a  tin  lode  in  Cornwall, 
the  term  lode  being  ap- 
plied to  veins  contain- 
ing metallic  ores.  This 
lode,  running  east  and 
west,  is  a  yard  wide, 
and  is  shifted  bj  a 
copper  lode  (bb\  of 
similar  width. 

The  first  fissure  (a  a) 
has  been  filled  with 
various  materials,  partly 
of  chemical  origin,  such 

Vi>rtlcal  looUoni  of  tht  mine  of  HimI  PMrer,  Redruth,  Cornwall.  aS     quartZ,     fl  UOr-spaTy 


Flf .  51ft. 


Ch.  XXXVIII.]  METALLIFEROUS  VEINS.  491 

peroxide  of  tin^  sulpburet  of  copper,  arsenical  pyrites,  bismuth,  and 
sulphuret  of  nickel,  and  partly  of  mechanical  origin,  comprising  clay 
and  angular  fragments  or  detritus  of  the  intersected  rocks.  The 
plates  of  quartz  and  the  ores  ar^  in  some  places,  parallel  to  the  ver- 
tical sides  or  walls  of  the  vein,  being  divided  from  each  other  by 
alternating  layers  of  clay,  or  other  earthy  matter.  Occasionally  the 
metallic  ores  are  disseminated  in  detached  masses  among  the  vein- 
stones. 

It  is  clear  that,  after  the  gradual  introduction  of  the  tin  and  other 
substances,  the  second  rent  (Jb  b\  was  produced  by  another  fracture 
accompanied  by  a  displacement  of  the  rocks  along  the  plane  of  b  b. 
This  new  opening  was  then  filled  with  minerals,  some  of  them  re- 
sembling those  in  a  a^  as  fluor-spar  (or  fluate  of  lime)  and  quartz ; 
others  different,  the  copper  being  plentiful  and  the  tin  wanting  or 
very  scarce. 

We  must  next  suppose  the  shock  of  a  third  earthquake  to  occur, 
breaking  asunder  all  the  rocks.along  the  line  c  c,  Bg,  514. ;  the  fissure 
in  this  instance,  being  only  6  inches  wide,  and  simply  filled  with  clay, 
derived,  probably,  from  the  friction  of  the  walls  of  the  rent,  or  partly, 
perhaps,  washed  in  from  above.  This  new  movement  has  heaved  the 
rock  in  such  a  manner  as  to  interrupt  the  continuity  of  the  copper 
vein  {b  b\  and,  at  the  same  time,  to  shift  or  heave  laterally  in  the 
same  direction  a  portion  of  the  tin  vein  which  had  not  previously 
been  broken. 

Again,  in  ^g.5l5.  we  see  evidence  of  a  fourth  fissure  {dd),  also  filled 
with  clay,  which  has  cut  through  the  tin  vein  (a  a),  and  has  lifted  it 
slightly  upwards  towards  the  south.  The  various  changes  here 
represented  are  not  ideal,  but  are  exhibited  in  a  section  obtained  in 
working  an  old  Cornish  mine,  long  since  abandoned,  in  the  parish  of 
Redruth,  called  Huel  Peever^  and  described  both  by  Mr.  Williams 
and  Mr.  Came.*  The  principal  movement  here  referred  to,  or  that 
of  c  c,  fig.  515.,  extends  through  a  space  of  no  less  than^  84  feet ; 
but  in  this,  as  in  the  case  of  the  other  three,  it  will  be  seen  that  the 
outline  of  the  country  above,  or  the  geographical  features  of  Cornwall, 
are  not  afiected  by  any  of  the  dislocations,  a  powerful  denuding  force 
having  clearly  been  exerted  subsequently  to  all  the  faults.  (See 
above  p.  69.)  It  is  commonly  said  in  Cornwall,  that  there  are  eight 
distinct  systems  of  veins  which  can  in  like  manner  be  referred  to  as 
many  successive  movements  or  fractures ;  and  the  German  miners  of 
the  Hartz  Mountains  speak  also  of  eight  systems  of  veins,  referable 
to  as  many  periods. 

Besides  the  proofs  of  mechanical  action  already  explained,  the 
opposite  walls  of  veins  are  frequently  polished  and  striated,  as  if  they 
had  undergone  great  friction,  and  this  even  in  cases  where  there  has 
been  no  shift.  We  may  attribute  such  rubbing  to  a  vibratory  motion 
known  to  accompany  earthquakes,  and  to  produce  trituration  on  the 
opposite  walb  of  rents.     Similar  movements  have  sometimes  occurred 

•  GeoL  Trans,  vol  ir.  p.  189, ;  Trans.  Eoy.  GeoL  Society  Cornwall,  voLii  p.  90. 
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in  mineral  veins  which  had  been  wholly  or  partially  filled  up  ;  for  in- 
cluded pieces  of  rock,  detached  from  the  sides,  are  found  to  be  rounded, 
polished,  and  striated. 

That  a  great  many  veins  communicated  originally  with  the  surface 
of  the  country  above,  or  with  the  bed  of  the  sea,  is  proved  by  the 
occurrence  in  them  of  well  rounded  pebbles,  agreeing  with  those  in 
superficial  alluviums,  as  in  Auvergne  and  Saxony.  In  Bohemia, 
such  pebbles  have  been  met  with  at  the  depth  of  180  fathoms.  In 
Cornwall,  Mr.  Carne  mentions  true  pebbles  of  quartz  and  slate  in  a 
tin  lode  of  the  Relistran  Mine,  at  the  depth  of  600  feet  below  the 
surface.  They  were  cemented  by  oxide  of  tin  and  bisulphuret  of 
copper,  and  were  traced  over  a  space  more  than  12  feet  long  and  as 
many  wide.*  Marine  fossil  shells,  also,  have  been  found  at  great 
depths,  having  probably  been  engulphed  during  submarine  earth* 
quakes.  Thus,  a  gryphaea  is  stated  by  M.  Virlet  to  have  been  met 
with  in  a  lead-mine  near  S^mur,  in  France,  and  a  madrepore  in  a 
compact  vein  of  cinnabar  in  Hungary.')' 

When  different  sets  or  systems  of  veins  occur  in  the  same  country, 
those  which  are  supposed  to  be  of  contemporaneous  origin,  and  which 
are  filled  with  the  same  kind  of  metals,  often  maintain  a  general 
parallelism  of  direction.  Thus,  for  example,  both  the  tin  and  copper 
veins  in  Cornwall  run  nearly  east  and  west,  while  the  lead-veins  run 
north  and  south  ;  but  there  is  no  general  law  of  direction  common  to 
different  mining  districts.  The  parallelism  of  the  veins  is  another 
reason  for  regarding  them  as  ordinary  fissures,  for  we  observe  that 
contemporaneous  trap  dikes,  admitted  by  all  to  be  masses  of  melted 
matter  which  have  filled  rents,  are  often  parallel.  Assuming,  then,  that 
veins  are  simply  fissures  in  which  chemical  and  mechanical  deposits 
have  accumulated,  we  may  next  consider  the  proofs  of  their  having 
been  filled  gradually  and  often  during  successive  enlargements.  I 
have  already  spoken  of  parallel  layers  of  clay,  quartz,  and  ore. 
Werner  himself  observed,  in  a  vein  near  Grersdorff,  in  Saxony,  no 
less  than  thirteen  beds  of  different  minerals,  arranged  with  the  utmost 
regularity  on  each  side  of  the  central  layer.  This  layer  was  formed 
of  two  beds  of  calcareous  spar,  which  had  evidently  lined  the  opposite 
walls  of  a  vertical  cavity.  The  thirteen  beds  followed  each  other  in 
corresponding  order,  consisting  of  fluor-spar,  heavy  spar,  galena,  &c 
In  these  cases,  the  central  mass  has  been  last  formed,  and  the  two 
plates  which  coat  the  outer  walls  of  the  rent  on  each  side  are  the 
oldest  of  alL  If  they  consist  of  crystalline  precipitates,  they  may  be 
explained  by  supposing  the  fissure  to  have  remained  unaltered  in  its 
dimensions,  while  a  series  of  changes  occurred  in  the  nature  of  the 
solutions  which  rose  up  from  below ;  but  such  a  mode  of  deposition, 
in  the  case  of  many  successive  and  parallel  layers,  appears  to  be 
exceptional. 

If  a  veinstone  consist  of  crystalline  matter,  the  points   of  the 
crystals  are  always  turned  inwards,  or  towards  the  centre  of  the 

♦  Carne,  Trans,  of  Geol  Soc.  Cornwall,  vol.  iiL  p.  238. 
t  Foumct,  Etudes  sor  Ics  Depots  Metalliferes. 
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most  space  for  the  development  of  the  crystals.  Thus  each  new 
layer  receives  the  impresBioa  of  the  crystals  of  the  preceding  layer, 
and  imprints  its  crystals  on  the  one  which  follows,  until  at  length 
the  whole  of  the  vein  is  Ailed ;  the  two  layers  which  meet  dovetail 
the  points  of  their  crystals  the  one  into  the  other.  But  in  Comwall, 
■ome  lodes  occur  where  the  vertical  plates,  or  combi,  as  they  are 
there  called,  exhibit  crystals  so  dovetailed  as  to  prove  that  the  same 
fissure  has  been  often  enlarged.  Sir  H.  De  la  Beche  gives  the  foU 
lowing  curious  and  instructive  example  (fig.  316.)  from  a  copper- 


CoppcT  lode,  neu  Rfdmlh,  nOirgrd  lU  ill  luccFUIra  pfrlodi. 

mine  in  granite,  near  Redruth.*  Each  of  the  plates  or  combs  (a,  b, 
c,  d,  e,  f)  are  double,  having  the  points  of  their  crystals  turned 
inwards  along  the  axis  of  the  comb.  The  sides  or  walls  (2,  3,  4,  5, 
and  6),  are  parted  by  a  thin  covering  of  ochreoua  clay,  so  that  each 
comb  is  readily  separable  from  another  by  a  modemte  blow  of  the 
hammer.  The  breadth  of  each  represents  the  whole  width  of  the 
fissure  at  six  successive  periods,  and  the  outer  walls  of  the  vein, 
where  the  first  narrow  rent  was  formed,  consisted  of  the  granitic 
surfaces  1  and  7> 

A  somewhat  analogous  interpretation  is  applicable  to  numbers  of 
other  cases,  where  clay,  sand,  or  angular  detritus,  alternnte  with  ores 
and  veinstones.  Thus,  we  may  imagine  the  sides  of  a  fissure  to  be 
encrusted  with  siliceous  matter,  as  Von  Buch  observed,  in  Lancerote, 
the  walls  of  a  volcanic  crater  formed  in  1731  to  be  traversed  by  an 
open  rent  in  which  hot  vapours  had  deposited  hydrate  of  silica,  the 
incrustation  nearly  extending  to  the  middle. |  Such  a  vein  may  then 
be  filled  with  clay  or  sand,  and  afterwards  re-opened,  the  new  rent 
dividing  the  argillaceous  deposit,  and  allowing  a  quantity  of  rubbish 
to  fall  down.  Various  metals  and  spars  may  then  be  precipitated 
from  aqueous  solutions  among  the  interstices  of  this  heterogeneous 

That  such  changes  have  repeatedly  occurred,  is  demonstrated 
by  occasional  oroas-veins,  implying  the  oblique  fracture  of  pre- 
viously formed  chemical  and  mechanical  deposits.  Thus,  for  ex- 
ample, M.  Foumet,  in  his  description  of  some  mines  in  Auvergne 
worked  under  his  superintendence,  observes,  that  the  granite  of  that 
country  was  first  penetrated  by  veins  of  granite,  and  then  dislocated, 

•  GeoL  Hep.  on  ComwaJI,  p.  3*0.  f  Fliaciptes,  ch.  xxrii.  Bth  ed.  p.  ii2. 
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so  that  open  rents  crossed  both  the  grmnite  and  the  granitic  reina. 
Into  such  openings,  quartz,  accompanied  bj  snlpharets  of  iron  and 
arsenical  pvrites,  was  introduced.  Another  convulsion  then  burst 
open  the  rocks  along  the  old  line  of  fracture,  and  the  first  set  of 
deposits  were  cracked  and  often  shattered,  so  that  the  new  rent  was 
filled,  not  onlj  with  angular  fragments  of  the  adjoining  rocks,  but 
with  pieces  of  the  older  Teinstones.  Polished  and  striated  surfaces  on 
the  sides  or  in  the  contents  of  the  vein  also  attest  the  realitj  of  these 
moTements.  A  new  period  of  repose  then  ensued,  during  which  Tarions 
sulphurets  were  introduced,  together  with  homstone  quartz,  bj 
which  angular  fragments  of  the  older  quartz  before  mentioned  were 
cemented  into  a  breccia.  This  period  was  followed  by  other  dilata- 
tions of  the  same  reins,  and  other  sets  of  mineral  deposits,  until,  at 
last,  pebbles  of  the  basaltic  laTas  of  Aurergne,  derived  from  super- 
ficial alluviums,  probably  of  Miocene  or  older  Pliocene  date  were 
swept  into  the  veins.  I  have  not  space  to  enumerate  all  the  changes 
minutely  detailed  by  M.  Foumet,  but  thej  are  valuable,  both  to  the 
miner  and  geologist,  as  showing  how  the  supposed  signs  of  violent 
catastrophes  may  be  the  monuments,  not  of  one  paroxysmal  shock, 
but  of  reiterated  movements. 

Such  repeated  enlargement  and  re-opening  of  veins  might  have 
been  anticipated,  if  we  adopt  the  theory  of  fissures,  and  reflect  how 
few  of  them  have  ever  been  sealed  up  entirely,  and  that  a  country 
with  fissures  only  partially  filled  must  naturally  offer  much  feebler 
resistance  along  the  old  lines  of  fracture  than  any  where  else. 
It  is  quite  otherwise  in  the  case  of  dikes,  where  each  opening  has 
been  the  receptacle  of  one  continuous  and  homogeneous  mass  of 
melted  matter,  the  consolidation  of  which  has  taken  place  under 
considerable  pressure.  Trappean  dikes  can  rarely  fail  to  strengthen 
the  rocks  at  the  points  where  before  they  were  weakest ;  and  if  the 
upheaving  force  is  again  exerted  in  the  same  direction,  the  crust  of 
the  earth  will  give  way  anywhere  rather  than  at  the  precise  points 
where  the  first  rents  were  produced. 

A  large  proportion  of  metalliferous  veins  have  their  opposite  walls 
nearly  parallel,  and  sometimes  over  a  wide  extent  of  country.  There 
is  a  fine  example  of  this  in  the  celebrated  vein  of  Andreasberg  in  the 
Hartz,  which  has  been  worked  for  a  depth  of  500  yards  perpen- 
dicularly, and  200  horizontally,  retaining  almost  every  where  a 
width  of  3  feet.  But  many  lodes  in  Cornwall  and  elsewhere  are 
extremely  variable  in  size,  being  1  or  2  inches  in  one  part,  and  then 
8  or  10  feet  in  another,  at  the  distance  of  a  few  fathoms,  and 
then  again  narrowing  as  before.  Such  alternate  swelling  and  con- 
traction is  so  often  characteristic  as  to  require  explanation.  The 
walls  of  fissures  in  general,  observes  Sir  H.  De  la  Beche,  are  rarely 
perff'ct  planes  throughout  their  entire  course,  nor  could  we  well 
expect  them  to  be  so,  since  they  commonly  pass  through  rocks  of 
unequal  hardness  and  different  mineral  composition.  If,  therefore, 
the  opposite  sides  of  such  irregular  fissures  slide  upon  each  other, 
that  is  to  say,  if  there  be  a  fault,  as  in  the  case  of  so  many  mineral 
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veins,  the  parallelism  of  the  opposite  walls  is  at  once  entirely  de- 
stroyed, as  will  be  readily  seen  by  studying  the  annexed  diagrams. 

Fig.  517. 


Fig.  »19. 


Let  a  h,  f!g.  517.,  be  a  line  of  fracture  traversing  a  rock,  and  let  a  b, 
fig.  518,  represent  the  same  line.  Now,  if  we  cut  a  piece  of  paper 
representing  this  line,  and  then  move  the  lower  portion  of  this  cut 
paper  sideways  from  a  to  a^,  taking  care  that  the  two  pieces  of  paper 
still  touch  each  other  at  the  points  1,  2,  3,  4,  5,  we  obtain  an  irre- 
gular aperture  at  c,  and  isolated  cavities  at  d  d  d,  and  when  we 
compare  such  figures  with  nature  we  find  that,  with  certain  modifi- 
cations, they  represent  the  interior  of  faults  and  mineral  veins.  If, 
instead  of  sliding  the  cut  paper  to  the  right  hand,  we  move  the  lower 
part  towards  the  left,  about  the  same  distance  that  it  was  previously 
slid  to  the  right,  we  obtain  considerable  variation  in  the  cavities  so 
produced,  two  long  irregular  open  spaces,  //,  fig.  519.,  being  then 
formed.  This  will  serve  to  show  to  what  slight  circumstances  con- 
siderable variations  in  the  character  of  the  openings  between  unevenly 
fractured  surfaces  may  be  due,  such  surfaces  being  moved  upon  each 
other,  so  as  to  have  numerous  points  of  contact. 

Most  lodes  are  perpendicular  to  the  horizon,  or  nearly  so ;  but 
some  of  them  have  a  considerable  inclination  or  Fig.  53a 
'*  hade,"  as  it  is  termed,  the  angles  of  dip  varying 
from  15°  to  45°.  The  course  of  a  vein  is  frequently 
very  straight ;  but  if  tortuous,  it  is  found  to  be  choked 
up  with  clay,  stones,  and  pebbles,  at  points  where  it 
departs  most  widely  from  verticality.  Hence  at  places, 
such  as  a,  fig.  520.,  the  miner  complains  that  the  ores  are 
"  nipped,"  or  greatly  reduced  in  quantity,  the  space  for 
their  free  deposition  having  been  interfered  with  in 
consequence  of  the  pre-occupancy  of  the  lode  by  earthy 
materials.  When  lodes  are  many  fathoms  wide,  they 
are  usually  filled  for  the  most  part  with  earthy  matter,  and  fragments 
of  rock,  through  which  the  ores  are  much  disseminated.  The  metallic 
substances  frequently  coat  or  encircle  detached  pieces  of  rock,  which 
our  miners  call  "horses"  or  ''riders."  That  we  should  find  some 
mineral  veins  which  split  into  branches  is  also  natural,  for  we 
observe  the  same  in  regard  to  open  fissures. 

Chemical  deposits  in  veins, — If  we  now  turn  from  the  mechanical 
to  the  chemical  agencies  which  have  been  instrumental  in  the  pro- 
duction of  mineral  veins,  it  may  be  remarked  that  those  parts  of 
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fij«arefl  which  were  not  choked  up  with  the  nuns  of  frucliireJ  locks 
iDa%t  alwajs  h^Te  been  filled  with  water ;  and  almoet  ererj  Tein  has 
probablj  been  the  channel  by  which  hot  fpring^s,  so  common   in 
coontriea  of  TolcanoA  and  earthquakes,  hare  made  their  waj  to  the 
forface.     For  we  know  that  the  rents  in  which  ores  aboond  extend 
downwards  to  vMSt  depths,  where  the  temperature  of  the  interior  of 
the  earth  is  more  elevated.    We  ako  know  that  mineral  reins  are 
most  metalliferoos  near  the  contact  of  platonic  and  stratified  for- 
mations, especiallj  where  the  former  send  reins  into  the  latter,  a 
circamstance  which  indicates  an  original  proximity  of  reins  at  their 
inferior  extremity  to  igneoos  and  heated  rocks.      It  is  moreorer 
acknowledged  that  eren  ihtme  mineral  and  thermal  springs  which,  in 
the  present  state  of  the  globe,  are  far  from  volcanos^  are  nererthe- 
less  observed  to  barst  out  along  great  lines  of  aphearal  and  dislocation 
of  rockd,*     It  is  also  ascertained  that  all  the  substances  with  which 
hot  springs  are  impregnated  agree  with  those  discharged  in  a  gaseous 
form  from  rolcanos.     Many  of  these  bodies  occor  as  veinstones; 
snch  as  silex,  carbonate  of  lime,  sulphur,  fiuor-spar,  sulphate   of 
barytes,   magnesia,   oxide  of  iron,  and  others.     I  may  add  that, 
if  veins  have  been  filled  with  gaseous  emanations  from  masses  of 
melted   matter,   slowly  cooling  in  the    subterranean   regions,   the 
contraction  of  such  masses  as  they  pass  from  a  plastic  to  a  solid 
state  would,  according  to  the  experiments  of  Deville  on  granite  (a 
rock  which  may  be  taken  as  a  standard)  produce  a  reduction  in 
volume  amounting  to  10  per  cent.     The  slow  crystallization,  there- 
fore, of  such  plutonic  rocks  supplies  us  with  a  force  not  only  capable 
of  rending  open  the  incumbent  rocks  by  causing  a  failure  of  support, 
but  also  of  giving  rise  to  faults  whenever  one  portion  of  the  earth's 
crust  subsides  slowly  while  another  contiguous  to  it  happens  to  rest 
on  a  different  foundation,  so  as  to  remain  unmoved. 

Although  we  are  led  to  infer,  from  the  foregoing  reasoning,  that 
there  has  often  been  an  intimate  connection  between  metalliferous 
veins  and  hot  springs  holding  mineral  matter  in  solution,  yet  we 
must  not  on  that  account  expect  that  the  contents  of  hot  springs  and 
mineral  veins  would  be  identical.  On  the  contrary,  M.  £.  de  Beaumont 
has  judiciously  observed  that  we  ought  to  find  in  veins  those  substances 
which,  being  least  soluble,  are  not  discharged  by  hot  springs, — or  that 
class  of  simple  and  compound  bodies  which  the  thermal  waters  as- 
cending from  below  would  first  precipitate  on  the  walls  of  a  fissure, 
as  soon  as  their  temperature  began  slightly  to  diminish.  The  higher 
they  mount  towards  the  surface,  the  more  will  they  cool,  till  they 
acquire  the  average  temperature  of  springs,  being  in  that  case  chiefly 
charged  with  the  most  soluble  substances,  such  as  the  alkalis,  soda 
and  potash.  These  are  not  met  with  in  veins,  although  they  enter 
so  largely  into  the  comj)Osition  of  granitic  rocks. f 

To  a  certain  extent,  therefore,  the  arrangement  and  distribution 
of  metallic  matter  in  veins  may  be  referred  to  ordinary  chemical 

•  Sco  Dr.  Daubeny's  Volcanos.  -f  Bulletin,  iv,  p.  1278. 
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action,  or  to  those  variations  in  temperature,  which  waters  holding 
the  ores  in  solution  must  undergo,  as  thej  rise  upwards  from  great 
depths  in  the  earth.  But  there  are  other  phenomena  which  do  not 
admit  of  the  same  simple  explanation.  Thus,  for  example,  in  Der- 
byshire, veins  containing  ores  of  lead,  zinc,  and  copper,  but  chiefly 
lead,  traverse  alternate  beds  of  limestone  and  greenstone.  The  ore 
is  plentiful  where  the  walls  of  the  rent  consist  of  limestone,  but  is 
reduced^  to  a  mere  string  when  they  are  formed  of  greenstone,  or 
*' toad-stone,"  as  it  is  called  provincially.  Not  that  the  original  fissure 
is  narrower  where  the  trap  rock  occurs,  but  because  more  of  the  space 
is  filled  with  veinstones,  and  the  waters  have  not  parted  so  freely 
with  their  metallic  contents  as  where  the  wall  of  the  vein  consisted  of 
greenstone  instead  of  limestone. 

**  Lodes  in  Cornwall,"  says  Mr.  Robert  W.  Fox,  "  are  very  much 
infiuenced  in  their  metallic  riches  by  the  nature  of  the  rock  which 
they  traverse,  and  they  often  change  in  this  respect  very  suddenly^ 
in  passing  from  one  rock  to  another.  Thus  many  lodes  which  yield 
abundance  of  ore  in  granite,  are  unproductive  in  clay-slate,  or  killas, 
and  vice  versa.  The  same  observation  applies  to  killas  and  the  granitic 
porphyry  called  elvan.  Sometimes,  in  the  same  continuous  vein,  the 
granite  will  contain  copper,  and  the  killas  tin,  or  vice  versa,*^* 
Mr.  Fox,  after  ascertaining  the  existence  at  present  of  electric  cur- 
rents in  some  of  the  metalliferous  veins  in  Cornwall,  has  speculated 
on  the  probability  of  the  same  cause  having  acted  originally  on  the 
sulphurets  and  muriates  of  copper,  tin,  iron,  and  zinc,  dissolved  in  the 
hot  water  of  fissures,  so  as  to  determine  the  peculiar  mode  of  their 
distribution.  After  instituting  experiments  on  this  subject,  he  even 
endeavoured  to  account  for  the  prevalence  of  an  east  and  west  di- 
rection in  the  principal  Cornish  lodes  by  their  position  at  right  angles 
to  the  earth's  magnetism ;  but  Mr.  Henwood  and  other  experienced 
miners  have  pointed  out  objections  to  the  theory ;  and  it  must  be 
owned  that  the  direction  of  veins  in  different  mining  districts  varies 
60  entirely  that  it  seems  to  depend  on  lines  of  fracture,  rather  than 
on  the  laws  of  voltaic  electricity.  Nevertheless,  as  different  kinds 
of  rock  would  be  often  in  different  electrical  conditions,  we  may 
readily  believe  that  electricity  must  often  govern  the  arrangement  of 
metallic  precipitates  in  a  rent. 

"  I  have  observed,"  says  Mr.  R.  Fox,  "  that  when  the  chloride  of 
tin  in  solution  is  placed  in  the  voltaic  circuit,  part  of  the  tin  is 
deposited  in  a  metallic  state  at  the  negative  pole,  and  part  at  the 
positive  one,  in  the  state  of  a  peroxide,  such  as  it  occurs  in  our 
Cornish  mines.  This  experiment  may  serve  to  explain  why  tin  is 
found  contiguous  to,  and  intermixed  with,  copper  ore,  and  likewise 
separated  from  it,  in  other  parts  of  the  same  lode."'|' 

Relative  age  of  the  different  metals, — After  duly  reflecting  on 
the  facts  above  described,  we  cannot  doubt  that  mineral  veins,  like 
eruptions  of  granite  or  trap,  are  referable  to  many  distinct  periods  of 

*  R.  W.  Fox  on  Mineral  Veins,  p.  10. 
t  Ibid.  p.  38. 
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the  earth's  history,  although  it  may  be  more  difficult  to  determine 
the  precise  age  of  veins ;  because  thej  have  often  remained  open  for 
ages,  and  because,  as  we  have  seen,  the  same  fissure,  after  having 
been  once  filled,  has  frequently  been  re-opened  or  enlarged.  But 
besides  this  diversity  of  age,  it  has  been  supposed  by  some  geologists 
that  certain  metals  have  been  produced  exclusively  in  earlier,  others 
in  more  modern  times, — that  tin,  for  example,  is  of  higher  antiquity 
than  copper,  copper  than  lead  or  silver,  and  all  of  them  more  ancient 
than  gold.  I  shall  first  point  out  that  the  facts  once  relied  upon  in 
support  of  some  of  these  views  are  contradicted  by  later  experience, 
and  then  consider  how  far  any  chronological  order  of  arrangement 
can  be  recognized  in  the  position  of  the  precious  and  other  metals 
in  the  eoi'th's  crust.  In  the  first  place,  it  is  not  true  that  veins  in 
which  tin  abounds  are  the  oldest  lodes  wori^ed  in  Great  Britain.  The 
government  survey  of  Ireland  has  demonstrated,  that  in  Wexford 
veins  of  copper  and  lead  (the  latter  as  usual  being  argentiferous) 
are  much  older  than  the  tin  of  Cornwall  In  each  of  the  two 
countries  a  very  similar  series  of  geological  changes  has  occurred  at 
two  distinct  epochs, — in  Wexford,  before  the  Devonian  strata  were 
deposited;  in  Cornwall,  after  the  carboniferous  epoch.  To  begin 
with  the  Irish  mining  district:  We  have  granite  in  Wexford,  tra- 
versed by  granite  veins,  which  veins  also  intrude  themselves  into 
the  Silurian  strata,  the  same  Silurian  rocks  as  well  as  the  veins 
having  been  denuded  before  the  Devonian  beds  were  superim- 
posed. Next  we  find,  in  the  same  county,  that  elvans,  or  straight 
dikes  of  porphyritic  granite,  have  cut  through  the  granite  and 
the  veins  before  mentioned,  but  have  not  penetrated  the  Devo- 
nian rocks.  Subsequently  to  these  elvans,  veins  of  copper  and 
lead  were  produced,  being  of  a  date  certainly  posterior  to  the 
Silurian,  and  anterior  to  the  Devonian ;  for  they  do  not  enter  the 
latter,  and,  what  is  still  more  decisive,  streaks  or  layers  of  derivative 
copper  have  been  found  near  Wexford  in  the  Devonian,  not  far 
from  points  where  mines  of  copper  are  worked  in  the  Silurian 
strata,* 

Although  the  precise  age  of  such  copper  lodes  cannot  be  defined, 
we  may  safely  affirm  that  they  were  either  filled  at  the  close  of  the 
Silurian  or  commencement  of  the  Devonian  period.  Besides  copper, 
lead,  and  silver,  there  is  some  gold  in  these  ancient  or  primary 
metalliferous  veins.  A  few  fragments  also  of  tin  found  in  Wicklow 
in  the  drift  are  supposed  to  have  been  derived  from  veins  of  the 
same  agcf 

Next,  if  we  turn  to  Cornwall,  we  find  there  also  the  monuments 
of  a  very  analogous  sequence  of  events.  First  the  granite  was  formed  ; 
then,  about  the  same  period,  veins  of  fine-grained  granite,  often 
tortuous  (see  fig.  496.,  p.  445.),  penetrating  both  the  outer  crust  of 
granite  and  the  adjoining  fossiliferous  or  primary  rocks,  including 

•  I  am  indebted  to  Sir  H.  De  la  Bcchc        f  Sir  H.  De  la  Bcche,  MS.  notes  on 
for  this  information.     See  also  maps  and    Irish  Survey, 
sections  of  Irish  Survey. 
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the  coal-measures  ;  thirdly,  elvans,  holding  their  course  straight 
through  granite,  granitic  veins,  and  fossiliferous  slates  ;  fourthly,  veins 
of  tin  also  containing  copper,  the  first  of  those  eight  systems  of 
fissures  of  different  ages  already  alluded  to,  p.  491.  Here,  then,  the 
tin  lodes  are  newer  than  the  elvans.  It  has  indeed  heen  stated 
by  some  Cornish  miners  that  the  elvans  are  in  some  few  instances 
posterior  to  the  oldest  tin-bearing  lodes,  but  the  observations  of  Sir 
H.  de  la  Beche  during  the  survey  led  him  to  an  opposite  conclusion, 
and  he  has  shown  how  the  cases  referred  to  in  corroboration  can 
be  otherwise  interpreted.*  We  may,  therefore,  assert  that  the  most 
ancient  Cornish  lodes  are  younger  than  the  coal-measures  of  that 
part  of  England,  and  it  follows  that  they  are  of  a  much  later  date 
than  the  Irish  copper  and  lead  of  Wexford  and  some  adjoining 
counties.  How  much  later  it  is  not  so  easy  to  declare,  although 
probably  they  are  not  newer  than  the  beginning  of  the  Permian 
period,  as  no  tin  lodes  have  been  discovered  in  any  red  sandstone 
of  the  Poikilitic  group,  which  overlies  the  coal  in  the  south-west  of 
England. 

There  are  lead  veins  in  the  Mendip  hills  which  extend  through 
the  mountain  limestone  into  the  Permian  or  Dolomitic  conglomerate, 
and  others  in  Glamorganshire  which  enter  the  lias.  Those  worked 
near  Frome,  in  Somersetshire,  have  been  traced  into  the  Inferior 
Oolite.  In  Bohemia,  the  rich  veins  of  silver  of  Joachimsthal  cut 
through  basalt  containing  olivine,  which  overlies  tertiary  lignite,  in 
which  are  leaves  of  dicotyledonous  trees.  This  silver,  therefore,  is  de- 
cidedly a  tertiary  formation.  In  regard  to  the  age  of  the  gold  of  the 
Ural  Mountains,  in  Russia,  which,  like  that  of  California,  is  obtained 
chiefly  from  auriferous  alluvium,  we  can  merely  affirm  that  it  occurs 
in  veins  of  quartz  in  the  schistose  and  granitic  rocks  of  that  chain. 
Sir  R.  Murchison  observes,  that  no  gold  has  yet  been  found  in  the 
Permian  conglomerates  which  lie  at  the  base  of  the  Ural  Mountains, 
although  large  quantities  of  iron  and  copper  detritus  are  mixed  with 
the  rolled  pebbles  of  these  same  Permian  strata.  Hence  it  seems 
that  the  Uralian  quartz  veins,  containing  gold  and  platinum,  were 
not  exposed  to  aqueous  denudation  during  the  Permian  era.  But  we 
cannot  feel  sure,  from  any  data  yet  before  us,  that  such  auriferous 
veins  of  quartz  may  not  be  as  old  as  the  tin  lodes  of  Cornwall,  in 
which,  as  well  as  the  more  ancient  copper  lodes  of  Ireland,  some  gold 
has  been  detected.  We  are  also  unable  at  present  to  assign  to  the 
gold  veins  of  Brazil,  Peru,  or  California,  their  respective  geological 
dates.  But,  although  enough  is  known  to  show  that  Ovid*s  line 
about  the  "  Age  of  Gold,"  "  Aurea  prima  sata  est  setas,"  would,  by 
no  means,  be  an  apt  motto  for  a  treatise  on  mining,  it  would  be 
equally  rash  in  the  present  state  of  our  inquiries  to  affirm,  as  some 
have  done,  that  gold  was  the  last-formed  of  metals. 

It  has  been  remarked  by  M.  de  Beaumont,  that  lead  and  some 
other  metals  are  found  in  dikes  of  basalt  and  greenstone,  as  well  as 

*  Report  on  Geology  of  Gomwall,  p.  810. 
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in  mineral  veins  connected  with  trap  rocks,  whereas  tin  is  met  with 
in  granite  and  in  veins  associated  with  the  granitic  series.  If  this 
rule  hold  true  generally,  the  geological  position  of  tin  in  localities 
accessihle  to  the  miners  will  belong,  for  the  most  part,  to  rocks  older 
than  those  bearing  lead.  The  tin  veins  will  be  of  higher  relative 
antiquity  for  the  same  reason  that  the  '^  underlying "  igneous  for- 
mations or  granites  which  are  visible  to  man  are  older,  on  the  whole, 
than  the  overlying  or  trappean  formations. 

If  different  sets  of  fissures,  originating  simultaneously  at  different 
levels  in  the  earth's  crust,  and  communicating,  some  of  them,  with 
volcanic,  others  with  heated  plutonic  masses,  be  filled  with  different 
metals,  it  will  follow  that  those  formed  farthest  from  the  surface  will 
usually  require  the  longest  time  before  they  can  be  exposed  super- 
ficially. In  order  to  bring  them  into  view,  or  within  reach  of  the 
miner^  a  greater  amount  of  upheaval  and  denudation  must  take  place 
in  proportion  as  they  have  lain  deeper  when  first  formed.  A  con- 
siderable series  of  geological  revolutions  must  intervene  before  any 
part  of  the  fissure,  which  has  been  for  ages  in  the  proximity  of  the 
plutonic  rocks,  so  as  to  receive  the  gases  discharged  from  it  when  it 
was  cooling,  can  emerge  into  the  atmosphere.  But  I  need  not  enlarge 
on  this  subject,  as  the  reader  will  remember  what  was  said  in  the 
30th,  34th,  and  37th  chapters,  on  the  chronology  of  the  volcanic  and 
hypogene  rocks. 


Concluding  Remarks. — The  theory  of  the  origin  of  the  hypogene 
rocks,  at  a  variety  of  successive  periods,  as  expounded  in  two  of  the 
chapters  just  cited,  and  still  more  the  doctrine  that  such  rocks  may 
be  now  in  the  daily  course  of  formation,  has  made  and  still  makes  its 
way,  but  slowly,  into  favour.  The  disinclination  to  embrace  it  has 
arisen  partly  from  an  inherent  obscurity  in  the  very  nature  of  the 
evidence  of  plutonic  action  when  developed  on  a  great  scale,  at  par- 
ticular periods.  It  has  also  sprung,  in  some  degree,  from  extrinsic 
considerations  ;  many  geologists  having  been  unwilling  to  believe  the 
doctrine  of  the  transmutation  of  fossiliferous  into  crystalline  rocks, 
because  they  were  desirous  of  finding  proofs  of  a  beginning,  and  of 
tracing  back  the  history  of  our  terraqueous  system  to  times  anterior  to 
the  creation  of  organic  beings.  But  if  these  expectations  have  been 
disappointed,  if  we  have  found  it  impossible  to  assign  a  limit  to  that 
time  throughout  which  it  has  pleased  an  Omnipotent  and  Eternal 
Being  to  manifest  his  creative  power,  we  have  at  least  succeeded 
beyond  all  hope  in  carrying  back  our  researches  to  times  antecedent 
to  the  existence  of  man.  We  can  prove  that  man  had  a  beginning, 
and  that,  all  the  species  now  contemporary  with  man,  and  many  others 
which  preceded,  had  also  a  beginning,  and  that,  consequently,  the 
present  state  of  the  organic  world  has  not  gone  on  from  all  eternity, 
as  some  philosophers  had  maintained. 

It  can  be  shown  that  the  earth^s  surface  has  been  remodelled  again 
and  again ;  mountain  chains  have  been  raised  or  sunk ;  valleys  formed. 
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filled  up,  and  then  re-excavated  ;  sea  and  land  have  changed  places ; 
yet  throughout  all  these  revolutions,  and  the  consequent  alterations 
of  local  and  general  climate,  animal  and  vegetable  life  has  been  sus- 
tained. This  has  been  accomplished  without  violation  of  the  laws 
now  governing  the  organic  creation,  bj  which  limits  are  assigned  to 
the  variability  of  species.  The  succession  of  living  beings  appears 
to  have  been  continued  not  by  the  transmutation  of  species,  but  by 
the  introduction  into  the  earth  from  time  to  time  of  new  plants  and 
animals,  and  each  assemblage  of  new  species  must  have  been  ad- 
mirably fitted  for  the  new  states  of  the  globe  as  they  arose,  or  they 
would  not  have  increased  and  multiplied  and  endured  for  indefinite 
periods.  • 

Astronomy  had  been  unable  to  establish  the  plurality  of  habitable 
worlds  throughout  space,  however  favourite  a  subject  of  conjecture 
and  speculation;  but  geology,  although  it  cannot  prove  that  other 
planets  are  peopled  with  appropriate  races  of  living  beings,  has  de- 
monstrated the  truth  of  conclusions  scarcely  less  wonderful, — the 
existence  on  our  own  planet  of  so  many  habitable  surfaces,  or  worlds 
as  they  have  been  called,  each  distinct  in  time,  and  peopled  with  its 
peculiar  races  of  aquatic  and  terrestrial  beings. 

The  proofs  now  accumulated  of  the  close  analogy  between  extinct 
and  recent  species  are  such  as  to  leave  no  doubt  on  the  mind  that  the 
same  harmony  of  parts  and  beauty  of  contrivance  which  we  admire 
in  the  living  creation,  has  equally  characterized  the  organic  world  at 
remote  periods.  Thus  as  we  increase  our  knowledge  of  the  inex- 
haustible variety  displayed  in  living  nature,  and  admire  the  infinite 
wisdom  and  power  which  it  displays,  our  admiration  is  multiplied  by 
the  reflection,  that  it  is  only  the  last  of  a  great  series  of  pre-existing 
creations,  of  which  we  cannot  estimate  the  number  or  limit  in  times 
past.f 

*  See  Principles  of  GeoL,  Book  3.  the  G^L  Soc.  1837.     Froceediogs  of 

f  See  the  author's  Anniv.  Address  to    G.  S.  No.  49.  p.  520. 
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MS. 
f '//m«,  ravlfMi  In  l«v«  of,  497. 
f  >mM  In  V«l  41  N/ito,  Mft, 
.»-.  and  eraUrri,  abttnca  of,  la  Bnfkad,  C 
.^—  mmI  rraCort,  M7. 
iUfuUmr;  foMtl  trMi,  919. 
(>ift<:riKlofi«r)r  •trtutur*,  97. 
iUm%\nmmf$li»,  or  ptuktlng-»tOM,  II. 
^»  dol«/mltl4:.  MjA. 
.-^,  nnfiitMX  \n  McfitUnd,  Ac,  47. 
iUmnwWcui,  vaII^^  oftli*,  il97. 
,  ..  tn^a,  Aiitif4uUjr  of,  9Wl. 
f /«mrad,  Mr.,  on  i:rirt4i'4Nm«  rocki.  S24. 
Conybntrn.  Mr.,  rlu<d,  04.  m.  344.  374. 
>-»,  on  rUtloMuiruf,  374. 


CoCch,  Boaa  of,  ttft. 
Coricr,  M  ,  on  Eocene  iarwiaioa,  ITS. 
,  ,  oa  Aaif«liiClMTnBa,  36L 

'         «  cited,  ISrX. 

,  oa  itniarf  itrata  aiar  Vrntm,  l<ML 
V  oa  ib«at  of  Moatwvtre,  ISl. 
«taad*,401. 
C7prteiaLiaa,»l. 

ia  WcaldMk,tA 

•^—  in  aivl  of  AoTcrgne,  !§&. 
Cjitidic  la  SUariaa  rodu,  SM. 

D. 

Daaa,  Mr.,  on  eoproUtca  of  birds,  S9. 

— ,  on  coral  reef  in  Sandvkfa  Ulandt,  216. 

.  on   votenoc  of  Suadmkh  blands,  994.  406. 

429. 
DartoMor,  granite  of,  496. 
Dnrvin,  Mr.,  cited,  317. 
— ..  on  booldert  and  Radars  in  South  America 

144. 

,  on  deavage,  47S. 

,  on  coral  islands  of  Pacific,  216. 

,  on  dike  in  St.  Helena,  406. 

,  on  food  of  ostrldi,  399. 

,  on  foMiU  in  South  America,  148. 

,  on  Pmems  giganUuM,  217. 

,  on  gradoal  rise  of  part  of  S.  America,  46. 

,  on  lamination  of  rolcanic  rocks,  480. 

— .,  on  parallel  roads,  87. 

.^— ,  on  plutonic  rodis  of  Andes,  453. 

^ ,  on  recent  strata  near  Lima,  115. 


INDEX. 


505 


Darwin,  Mr.,  on  Murlans  In  Galapagos  Islands,  279. 

— — ,  on  sinking  of  coral  reefs,  46. 

•— ,  on  Welsh  glaciers,  131 . 

Daubeny,  Dr.,  on  the  Solfutara,  477. 

,  on  Tolcanos  in  Auvergne,  428. 

Dax,  inland  cliff  at,  72. 

Deane,  Dr.,  on  footprints,  298. 

Dean,  forest  of,  coal  in,  334. 

Decken,  Prof,  too,  on  reptiles  in  Saarlviick  coal- 
field, 836. 

De  Koninck,  cited,  176.  178. 

De  la  Beche.  Sir  H.,  cited,  231.  233.  281. 

,  on  Carrara  marble,  482. 

— -,  on  clay  beds.  283. 

— — ,  on  clay-ironstone,  326. 

— — ,  on  coal-measures  near  Swansea,  809. 

— — ,  on  fossil  trees,  S.  Wales,  318. 

— — ,  on  granite  of  Dartmoor,  474. 

^— ,  on  mineral  veins,  493. 49ft.  498. 

,  on  term  supracretaceous,  108. 

— ,  on  trap  of  New  Red  Sandstone  period,  432. 

Deluge,  4. 

Denudation  explained,  66. 

Denudation  of  the  Weald  Valley,  242. 

-i— ,  terraces  of,  In  Sicily.  75. 

Derbyshire,  lead  veins  of.  4<i7. 

Deshayes,  M.,  identification  of  shells,  176. 

,  on  fossil  shells  in  Hungary,  421. 

— >,  on  Lower  Eocene  shells,  19& 

,  on  tertiary  classification,  110. 

Desmarest,  cited,  183. 

on  trappean  rocks,  91. 

Desroyers,  M.,  on  Falims  of  Touralne,  106. 

Desor,  M.,  on  fauna  of  glacial  epoch  in  N.  America, 
133. 

Deronian  flora,  349. 

— —  straU  in  United  States,  349. 

system,  term  explained,  346. 

Diagonal,  or  cross  stratification,  16. 

Dike  in  St  Helena,  406. 

Dikes  at  Palagonia  In  Sicily,  407. 

— -,  trappean,  crystalline  in  centre,  380. 

— —  defined,  6. 

— —  in  Scotland,  378. 

of  Somma,  404. 

DilUTium,  popular  explanation  of  term,  182. 

Dip,  term  explained,  53. 

Dolerlte,  or  greenstone,  372. 

Dolomite  defined,  13. 

Dolomitic  conglomerate,  305. 

Doug,  H.  B.  de,  on  Tolcanos  of  Velay,  428. 

Drift  contorted,  near  Cromer,  129. 

—  in  Ireland,  131. 

in  Norfolk,  126. 

— — ,  meteorites  in,  14ft. 

,  northern.  In  Scotland.  125. 

— -,  northern,  in  North  Wales,  130. 

of  Scandinavia,  Northern  Germany,  and  Russia, 

121. 

period,  climate  of,  139. 

period,  subsidence  in,  185. 

shells  in  Canada,  134. 

Dudley  limestone,  354. 

Dudley,  shales  of  coal  near,  474. 

DuMnoy,  H,  on  granite  of  Fyreneea,  475. 

— — ,  on  hill  of  GergOTia,  430. 

Dunker,  Dr.,  on  Wealden  of  Hanover,  287. 

E. 

Echinoderms  of  coralline  crag,  166. 
Echinus,  figure  of,  23. 

Egerton,  Mr.,  on  fossils  of  Southern  India,  225. 
Egerton,  Sir  P.,  on  fish  of  marl  slate,  304. 

,  on  fossil  fish  of  Connecticut  beds,  300. 

— ,  on  fossils  of  Isle  of  Wight,  198. 
— ,  on  fossil  saurians  and  fish  in  Upper  New  Red 
Sandstone,  289. 


Egerton,  Sir  P.,  on  Icthyosaurus.  276. 
Bhrenberg.  Prof.,  on  bog-iron  ore,  26. 

,  on  Infusoria,  24. 

Elephant  bed,  Brighton.  2S6. 
EUpkas  pHmigenhts^  iavr  figured,  159. 
Elvans  of  Ireland  and  Cornwall,  498. 

.  term  explained,  457. 

Bncrinites,  figure  of,  264.  J 
Endogens,  316. 
Eocene  foraroinifera,  194. 
— •  formations,  174. 

formations  in  England,  197. 

granite,  451 . 

,  lower,  in  France,  176—196. 

,  middle,  in  France,  191. 

StraU  in  United  States,  206. 

^— ,  upper,  near  Louvain,  177. 

,  term  defined,  HI. 

,  upper,  of  Central  France,  178. 

—  Tolcanic  rocks,  429. 

Equisetaceae,  313. 

Equisetum  of  Virginian  oolite,  284. 

Equisctum  giganteum,  314. 

Erm«in  on  meteoric  iron  in  Russia,  145. 

Erratics,  Alpine,  140. 

,  northern  origin  of,  123. 

Escher.  M.,  on  boulders  of  Jura,  143. 

Etna,  deposits  of,  401. 

Eurite,  440. 

Euritic  porphyry  described,  447. 

Exogens,  316. 


F. 


Faluns  of  Touraine,  106.  168. 

Faluns,  comparison  of,  and  crag,  170. 

Falconer,  Dr.,  on  Sewilik  Hills,  173. 

Falkland  Islands.  88. 

Farnham,  phosphate  of  lime  near,  219. 

Fault,  term  explained,  62. 

Faults,  origin  of,  64. 

Faxoe.  chalk  of.  210. 

Felixstow,  remains  of  cetacea  found  near,  166. 

Felspar.  369. 

Ferns  in  coal-measures,  810. 

Fife,  altered  rock  in.  383. 

Fifeshire,  trap  dike  in,  434. 

,  Megalichthys  found  In  Cannel  coal  in,  886. 

Fishes,  fossil,  of  Upper  Cretaceous,  214. 

of  Old  Red  Sandstone.  343. 

of  Wealden,  229. 

,  fossil,  of  brown  coal,  416. 

Fissures  filled  with  metallic  matter,  490.  Ser  mine- 
ral veins. 

Fitton,  Dr.,  on  division  of  lower  cretaceous  forma- 
tion, 219. 

,  cited,  227.  331.  233.  237.  244.  247. 

Fleming,  Dr.,  on  scales  of  fish  in  Old  Red  Sand- 
stone, 343. 

— — ,  on  trap-rocks  In  coal-field  of  Forth,  432. 

on  trap  dike  in  Fifeshire,  434. 

Flora,  carboniferous,  310. 

cretaceous,  2/3. 

Devonian,  349. 

of  London  Clay,  200. 

,  permian,  805.  307. 

Flots,  term  explained,  91. 

Flysch,  explanation  of  term,  206. 

Footprints  of  birds,  297. 

of  reptilians,  SB7. 

,  fossil,  289,  290,  291,  297. 

Foraroinifera  in  chalk,  26. 

Foramiuifera,  Eocene,  194. 

Forbes,  Prof.  E.,  on  Caradoc  landstone,  800. 

,  on  Cystldl«,  858. 

,  on  shells  in  crag  deposits,  162. 

—— ,  CD  cretaceotts  fowU  sbells,  224. 
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Forbes,  Prof.  B.,  on  fotsili  of  the  faluni,  1G9. 
— — ,  on  fossil  remains  in  drift  in  South   Ireland, 
.131. 

,  on  deep-sea  origin  of  Silurian  strata,  360. 

— — ,  on  echinoderms  of  coralline  crag,  166.i^ 

»— ,  on  fauna  of  boulder  period,  125. 

,  on  migrations  of  mollutca  in  glacial  period, 

166. 
—— ,  on  fossils  of  Purbeck  groap,  231.  233. 
^— ,  on  strata  at  Atherfield,  219. 
—— ,  on  changes  of  testacea  during  Wealden  period, 

235. 
—— ,  on  Tolcanic  rocks  of  Oolite  period,  439. 
— — ,  on  depth  of  existing  animal  life  in  iEgean,  35. 

137. 

,  cited,  225. 

Forbes,  Prof.  James,  on  zones  fa)  volcanic  rocks,  480. 

,  on  the  Alps,  143. 

Forchhammer  on  scratched  limestone,  132. 

Forest,  fossil,  in  Norfolk,  127.  130. 

Forfarshire,  Old  Red  Sandstone  io,  479. 

Formation,  terra  defined,  3. 

Fossil,  term  defined,  4. 

Fossils  of  chalk  and  greensand,  figures  of,  212. 

—  in  chalk  at  Faxoe,  210. 

of  coralline  crag,  164. 

>—  of  Devonian  system,  346. 

of  Eocene  strata  in  United  States,  207. 

in  foluns  of  Touraine,  169. 

•— ,  freshwater  and  marine,  27. 

of  Isle  of  Wight,  198. 

of  Lias.  274. 

of  Ludlow  formation,  862. 

of  mountain  limestone,  340. 

.  of  London  Clay,  200. 

—-  of  Maestrlcht  beds,  209. 

of  Lower  Greensand,  220. 

of  New  Red  Sandstone,  287* 

of  Oolite,  269.  266. 

— ~  of  Red  Crag,  164. 
— —  of  Silurian  rodks,  363. 
.—  of  Solenhofen,  260. 

of  Upper  Greensand,  218. 

of  Wealden,  236. 

,  test  of  the  age  of  formations,  98. 

Fossil  flsh  of  Permian  limestone,  SOS. 

— -  of  Connecticut  beds,  300. 

-^-.  of  Richmond,  U.  S.,  strata,  285. 

of  Old  Red  Sandstone,  343. 

*— »  scales  of  Permian,  figured,  305. 
Fossil  footsteps,  289,  290,  291. 

ferns  in  carbonaceous  shale,  271. 

.—  forest  in  Nova  Scotia,  321. 

forest  near  Wolverhampton,  319. 

— •  forest  in  Isle  of  Portland,  233. 
— —  plants  in  Wealden,  230. 
— —  plants  of  Lias,  282. 

—  plants  of  Hunter  sandstein,  288. 
trees  erect,  317. 

— — -  wood,  petrifaction  of,  39. 

— -  wood  perforated  by  Teredina,  24. 

— —  remains  in  caves,  154. 

— —  shells  from  Etna,  401 . 

shells  near  Grignon,  193. 

shells  of  Mayence  strata,  178. 

shells  in  Virginia,  172. 

Fossiliferous  strata,  tabular  vlew'of,  361 . 

Foumet,  M.,  on  mineral  veins  of  Auvergne,  493. 

— — ,  on  disintegration  of  rocks,  476. 

——t  on  quarts,  439. 

Fox,  Mr.  R.  W.,  on  cleavage,  473. 

_-,  on  Cornish  lodes,  497. 

Fox,  Rev.   Mr.,  on  extinct  quadrupeds  of  Isle  of 

Wight,  198. 
Freshwater  beds  of  Isle  of  Wight,  197. 

deposits  in  valley  of  Thames,  146. 

,  land  shells  numerous  in,  27. 


Freshwater  formations  of  Auvergne,  ammgement 

of,  186. 
Freshwater    formation,    how    distinguished    t.oai 

marine,  27,  28.  30. 
— — ,  remains  offish  in,  32. 

associated  with  Norfolk  drift,  127. 

— — ,  Chara  in,  31. 

,  Cypris  in,  31. 

Freshwater  shells  in  brown  coal  near  Bonn,  417. 
Fuctts  gfganteuSt  217. 

vesicuiosus,  growth  of,  in  Jutland,  217. 

ve$icuiotui  in  Lym-fiord,  33. 

Fundy,  Day  of,  impressions  in  red  mud  of,  297. 

G. 

Gaillonella  fossil  in  tripoli,  25. 

ferruginea  in  bog-iron  ore,  26. 

Galapagos  Islands,  animals  of,  279. 

Garnets  in  altered  rock,  382. 

Gases,  subterranean  rocks  altered  by,  476. 

Gault.  218. 

Gavarnie,  flexures  of  strata,  59. 

Geology  defined,  1 . 

Gergovia,  hill  of,  430. 

Giant's  Causeway,  columns  at,  384. 

Gibbes,  R.  W.,  cited,  207. 

Glacial  phenomena,  northern,  origin  of,  1 32. 

Glaciers,  Alpine,  140. 

Glaciers  on  Carnarvonshire  mountains,  130. 

Glasgow,  marine  strata  near,  148. 

Glenroy,  parallel  roadi  of.  86. 

Glen  Tilt,  granite  of,  442. 

Gneiss,  altered  by  granite,  445. 

——  in  Bernese  Alps.  484. 

at  Cape  Wrath,  444. 

near  Christianla,  446. 

described,  464. 

Gold,  age  of  in  Ireland,  498. 

age  of  in  Ural  Mountains,  499. 

Goldfuss,  Prof ,  on  reptiles  in  coal-field,  336. 
Gd'ppert,  Prof.,  on  beds  of  coal,  316;. 

on  petrifaction,  40. 

Graham's  Island,  389.  407. 

Grampians,  old  red  conglomerate  in,  47. 

Granite  described,  7.  436.  438.  444. 

,  passage  of  into  trap,  441. 

,  porphyritic,  439. 

,  and  limestone.  Junction  of  In  Glen  Tilt,  442. 

,  sienlUc,  44a 

,  talcose,  440. 

,  schorly,  440. 

——  of  Cornwall  and  Dartmoor,  474. 

of  Swiss  Alps,  484. 

Granite  rocks  in  connection  with  mineral  veins,  500. 

Granite  of  Saxony,  459. 

Granites,  oldest,  458. 

— —  varieties  of,  444. 

•—  veins  in  Cornwall,  445. 

veins  in  Cape  Wrath,  444. 

— —  veins  in  Table  Mountain,  443. 

vein  in  White  Mountains,  450. 

—  of  Arran,  age  of,  459. 

near  Christianla,  457. 

dikes  in  Mount  Battock,  443. 

Graphite,  powder  of,  consolidated  by  pressure,  38. 

Graptolites,  357. 

Grateloup,  M.,  on  fossils  in  chalk,  233. 

Orauwacke,  term  explained,  350. 

Greenland,  sinking  of  coast,  46. 

Greensand,  upper,  218. 

fossils  of,  212. 

Greensburg.  Pennsylvania,  footprints  of  reptile  in 

coal  strata  at,  337. 
Greenstone  or  Dolerite.  372. 

dike  of,  in  Arran,  379. 

Grds  de  Beaucbamp,  Paris  Basin,  193. 
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Grignon,  fossil  shells  near,  193. 

Grit  defined,  11. 

GiuuUloupe,  human  skeleton  of,  115. 

Guidoni  on  Carrara  raarble,  482. 

Gutbler,  Col.  Ton,  on  Permian  flora,  305.  307. 

Gryphsea,  fossil  figure  of,  22. 

Gypseous  marls,  186. 

^—  series,  191. 

Gjrpsum  defined,  18. 

H. 

Hall,  Sir  Jas.,  experiments  on  ftised  minerals,  406. 

— — ,  on  curved  strata,  48. 

,  Capt.  D.,  cited,  378.  401.  443. 

Hamilton,  Sir  W.,  on  eruption  of  Vesurins,  405. 

Harris,  Major,  on  salt  lake  in  Ethiopia,  296. 

Hartz,  hunter  sandstein  of,  288. 

Hastings,  Lady,  fossils  collected  by,  198. 

Hastings  sand,  229. 

bed.  shells  of,  229. 

Hautes  Alpes,  rooks  of,  455. 

Hatiy  cited,  360. 

Hawkshaw,  Mr.,  on  fossil  trees  In  coal  formation, 
317. 

Hayes,  T.  L.,  on  icebergs,  123. 

Hubert,  M.,  cited  on  Upper  Eocene  beds,  176. 

Hebrides,  dikes  of  trap  In,  379. 

Heidelberg,  Tarieties  of  granite  near,  444. 

Henfrey,  Mr.  A.,  on  contents  of  stomach  of  Masto- 
don giganteus,  138. 

Henslow,  Prof^  on  remains  of  cetacea  in  SuflTolk  by, 
166. 

— — ,  on  fossil  forests,  233. 

^—  on  dike  and  altered  rock  near  Plas  Newydd,  381 . 

Henry,  Mr.,  cited,  476. 

Herschei,  Sir  J  ,  on  slaty  cleavage,  472. 

Hertfordshire  pudding-stone,  35. 

Hibbert,  Dr.,  volcanic  rocks  at  St.  Privat  d'AlUer, 
discovered  by,  428. 

— .,  on  coal-field  at  Burdiehouse,  325. 

— — ,  cited.  419. 

High  Teesdale,  garnets  in  altered  rock  at,  882. 

Hildburghausen,  footprints  of  reptile  at,  289,  290. 

Hippurite  limestone,  221. 

Hitchcock,  Prof.,  on  footprints,  297. 

Hoftnann,  Mr.,  on  Lipari  Islands,  cited,  476. 
,  on  cave  near  Palermo,  74. 

,  on  Carrara  marble,  482. 

Hooghly  river,  analysis  of  water,  41. 

Hopkins,  Mr.,  on  fractures  In  Weald,  251. 

Horizontality  of  strata,  15. 

^—  of  roads  of  Lochaber,  88^ 

Hornblende,  369. 

—  schist.  464.  478. 

Homer,  Mr.,  on  geology  of  Elfel,  41.5. 

.— ,  on  Megalichthys,  336. 

Hubbard,  Prof.,  on  granite  vein  in  White  Moun- 
tains, 450. 

Hugi,  M.,  on  Swiss  Alps,  484. 

Humboldt,  cited,  314. 

,  on  uniform  character  of  rocks,  486. 

Hungary,  trachyte  of,  442. 

—— ,  volcanic  rocks  of.  421. 

Hunt,  Mr.,  experiments  on  clay-ironstone,  326. 

Hutton,  opinions  of,  60. 

Huttonian  theory,  92. 

Hypogene,  term  defined,  9. 

— —  rocks,  mineral  character  of,  48.5. 

— —  or  metamorphic  limestone,  465. 

I. 

Ibbetson,  Capt.,  on  chalk  marl  of  Isle  of  Wight, 

215. 
Ice,  rocks  drifted  by,  122. 
Icebergs,  122. 


Ice  islands,  stranding  of,  129. 
Icthyolites  of  Old  Red  Sandstone,  349. 
Icthposaurui  conimunit,  figure  of,  277. 
Igneous  rocks,  6. 
— —  of  Siebengebirge  and  Westerwald,  417- 

rocks  of  Val  di  Noto,  389. 

Iguanodon  MantetU^  229.  227. 
India,  cretaceous  system  in,  225. 
— ,  freshwater  deposits  of,  173. 
— >,  oolitic  formation  in,  28^. 
Indusfal  limestone,  Auvergne,  184. 
Inftisoria  in  tripoH,  24. 
Inland  sea-cliflk  in  south  of  England,  71. 
Insects  in  lias,  281 . 
Ireland,  drift  in,  131. 
Ischia,  volcanic  cones  in,  403. 
— — ,  Post-Pliocene  straU  of,  113. 
Isle  of  Wight,  freshwater  beds  of,  197. 
Isomorphism,  theory  of,  370. 


J. 


Jackson,  Dr.  C.  T.,  on  analysis  of  bones  of  fossil 

mammalia,  138. 
James,  Capt.,  on  fossil  remains  in  drift  in  Southern 

Ireland,  131. 
Java,  stream  of  sulphureous  water,  191. 
Jobert,  M.,  on  hill  of  Gergovia,  430. 
JoinU,  469. 

JoruUo,  lava  stream  of,  450. 
Jura,  alpine  blocks  on,  142. 
— —  limestone,  2»il. 
,  structure  of,  55. 


K. 


Kangaroo,  fossil  and  recent,  jaws  figtired,  156. 

Kaup,  Prof.,  on  footprints  of  ChHrotherium,  2^0. 

Kaye,  Mr.,  on  fossils  of  Southern  India,  225. 

Keeling  Island,  fragment  of  greenstone  in,  217. 

Keilhau,  Prof.,  cited,  457.  474. 

— — ,  on  dike  of  greenstone,  380. 
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— —  and  oolite,  origin  of,  282. 
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Lime,  scarcity  of,  in  metamorpbic  rocks,  487. 
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— ,  on  Brighton  elephant  bed,  257. 

,  on  freshwater  beds  of  Isle  of  Wight,  198. 
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Megatherium  in  South  America,  158. 

Menai  Straits,  marine  shells  in  drift,  180. 
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on  old  red  sandstone,  343. 
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Newcastle,  fossil  tree  near,  312.  318. 

New  Jersey,  Mattodon  gigantnu  in,  137. 

New  red  sandstone,  distinction  firom  old,  286. 
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Old  red  sandstone,  842. 
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Pacific,  coral  reefs  of,  215. 
Palseontology,  term  explained,  103. 
Palagonla.  dikes  at,  407. 
Paleotherium  magnum^  figure  of,  192. 

,  tooth  of,  193. 
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Palma,  Isle  of,  map  and  view  of,  891. 
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Pareto,  M.,  on  Carrara  marble,  482. 
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Parkinson,  Mr.,  on  crag,  105. 

Parrot,  Dr.  F.,  on  salt  lakes  of  Asia,  295. 

Pebbles  in  chalk,  217. 

Pegmatite,  440. 

PentameruM  Knightii,  352. 

Pentland  hills,  Mr.  Maclaren  on,  125. 

Pepys,  Mr.,  cited,  41. 
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,  on  cleavage,  471. 
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Pilla,  M.,  on  age  of  Carrara  marble,  482. 

Planitz,  tripoti  of,  26. 

Flag  Newydd,  rock  altered  by  dike  near,  381. 

Plastic  clays.  203. 

Playfair,  cited,  45.  92.  383. 
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,  on  Huttoniau  theory  of  stratification,  60. 
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,  strata  in  Sicily,  150. 

Pliocene,  older,  in  United  States,  171. 
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Pliocene  period,  volcanic  rocks  of,  407,  408. 

Pliocene,  term  defined.  111. 

Plomb  du  Cantal,  described,  429. 

Plumbago  in  Massacbussetts,  478. 

Plutonic  rocks,  7 — 436; 

Plutonic  and  sedimentary  rockl,  diagram  of,  452. 
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—'—  of  carboniferous  period,  456. 
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•-— >  of  Silurian  period,  457. 
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Poggpndorf,  cited,  476. 

Poikilitic  formation,  301. 

,  term  explained,  286. 

Pomel,  M.,  on  mammalia  of  Auvergne,  188. 425. 

Ponia  Islands,  structure  of,  387.  480. 

Porphyritic  granite,  439. 

Porphyry,  372. 

Portland,  Isle  of,  fossil  forest  in,  233. 

Portland  stone,  259. 

Post-pliocene  formations,  111. 

»—  period,  volcanic  rocks,  401. 

Pottsville,  coal  seams  near,  329. 

— — ,  footprints  of  reptile  near,  340. 
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— — ,  on  extinct  quadrupeds  of  Isle  of  Wight,  198. 
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Puzsuoli,  elevation  and  depression  of  land  at,  403. 
Pyrenees,  cretaceous  rocks  of,  455. 
~— ,  curvatures  of  strata,  58. 

,  granite  of,  475. 

«— .,  nuromulitic  formation  of,  205. 


Quarrington  Hill,  basaltic  dike  near,  398. 

Quartz,  438. 

Quartzite,  or  quartz  rock,  465. 
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,  near  Naples,  112. 
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America,  133. 
,  on  foisil  fish,  300. 


Red  sandstone,  origin  of,  293. 

Red  Sea  and  Mediterranean,  distinct  species  in,  100. 

Red  Sea,  saltness  of,  296. 

Reptiles,  carboniferous,  335,  336. 

of  lias,  276. 

Rhine,  valley,  loess  of,  1 17. 
Rhode  Island,  anthracite  in,  478. 
Ripple-mark,  formation  of,  19. 
River  channels,  ancient,  334. 

,  excavation  through  lava  by,  413. 

terraces,  85, 

Rock,  term  defined,  2. 

Rocks,  four  classes  of,  contemporaneous,  9. 

— — ,  classification  of,  90. 

— ,  composed  of  remains  of  zoophytes  and  testacea 

24. 

,  trappean,  91 . 

Roderberg,  extinct  volcano  of.  420. 

Rogers,  Prof.  H.  D.,  on  coal  field.  United  States,  328. 

— ,  cited,  340. 

Rogers,  Prof.  W.  B.,  on  oolitic  coal  field.  United 

States,  284.  328. 
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R5mer,  F.,  on  chalk  in  Texas,  225. 

,  M.  F.  A.,  on  flora  of  Hartz,  350. 

Rose.  Prof.  G..  cited,  374.  434. 

,  on  hornblende,  3^. 

Rosenlaui,  limestone  scratched  by  glacier  of,  122. 

Ross,  Captain,  on  greenstone  in  Keeling  Island,  217. 

Ross-shire,  denudation  in.  67. 

Rothliegendes,  lower,  or  Permian,  306. 

Rozet,  M.,  cited,  191. 

Rubble,  term  explained.  81. 

Russia,  erratic  blocks  in,  124. 

,  fossil  meteoric  iron  in,  145. 

,  Permian  rocks  in,  306. 

S. 

Saarbruck  coal  field,  reptile  found  In,  336. 

St.  Abb's  Head,  curved  strata  near.  49. 

St.  Andrew's,  trap  rocks  in  cliffs  near,  432,  433. 

St.  Heleiui,  basalt  in,  385.  406. 

St.  Lawrence,  gulf  of,  inland  beaches  and  cliffii,  78. 

St.  Mihiel,  inland  cliffs  near,  77. 

St.  Paul,  island  of.  394. 

St.  Peter's  Mount,  Maestricht,  fossils  in,  210. 

,  sand  pipes  in,  83. 

Salisbury  Crag,  altered  strata  of,  383. 
Salt  rock,  origin  of,  294. 

,  precipitation  of,  294. 

,  at  Northwich,  294. 

lakes  of  Asia,  296. 

Salter,  Mr.,  on  f<Msil  of  Caradoc  sandstone,  356. 

Sandpipes  near  Maestricht,  83. 

— ,  or  sandgalls,  term  explained,  82. 

,  near  Norwich,  82. 

Sandstone,  siliceous,  218. 

with  cracks  in  Wealden,  230. 

Sandwich  Islands,  coral  reef  in,  216. 

,  volcanos  of,  394.  406.  423. 

Saurians  of  lias,  278. 

,  thecodont,  306. 

Saussure,  M.,  on  moraines.  141. 

— — ,  on  vertical  conglomerates,  47. 

Savi,  M.,  on  Carrara  marble,  482. 

Saxony,  granite  in,  459. 

Schist,  hornblende,  and  mica,  464,  456. 

— — ,  argillaceous,  465. 

,  chlorite.  465. 

Schorl  rock  and  schorly  granite,  440. 
Scoresby  on  icebergs,  122. 
Scoriip,  373. 
Scotland,  carboniferous  traps  of,  432. 

,  northern  drift  in.  125. 

^— >,  old  red  sandstone  of,  343. 

Scrope,  Mr.,  cited,  181.  2G3.  419.  423.  425.  427.  430. 
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Scrope,  Mr.,  on  globular  structure  of  traps,  387. 

^—,  on  Ponza  Islands,  480. 

-— ,  on  trachyte,  basalt,  and  tuff,  374.  400. 

Seacliffs,  inland,  71. 

Section  of  Wealden,  243. 

Section  jo(  white  chalk  from  England  to  France,  21 1 . 

Section  of  volcanic  rocks,  Auvergne,  424. 

Sedgewick,  Prof ,  cited,  309.  383. 

,  on  brecciated  limestone,  302. 

,  on  concretionary  magneslan  limestone,  37. 

,  on  DeTonian  group,  348. 

— — ,  on  garnets  In  altered  rock,  382. 

,  on  granite,  4')€.  459. 

,  on  Permian  sandstones,  305. 

— — ,  on  joints  and  cleavage,  469.  471. 

,  on  mineral  composition  of  granite,  444. 

.  on  old  red  of  Devon  and  Cornwall,  345. 

,  on  structure  of  rocks,  468. 

— — ,  on  trap  rocks  of  Cumberland,  435. 
Segregation  in  mineral  veins,  489. 
Semi-opal,  infusoria  in,  26. 
Serpiilse.  on  volcanic  rocks,  in  Sicily,  151. 
Sewalik  Hills,  freshwater  deposits,  173. 
Shale,  carbonaceous,  271. 

,  dcflned,  II. 

Shales  of  coal  near  Dudley.  474. 

Sharpe,  Mr.  D.,  on  mollusca  in  Silurian  strata,  359. 

Shells,  fossil,  in  Purbeck.  231. 

— ,  fossil,  useful  in  classification,  109. 

^in  Canada  drift,  134. 

,  Mediterranean,  compared  with  British,  170. 

— -,  recent,  in  valley  of  Niagara,  138. 

,  species  of,  near  Lisbon,  171. 

Sheppey,  Isle  of,  fossil  flora  of,  200. 
Sherringham,  mass  of  chalk  In  drift,  129. 
Shetland,  granite  of.  441.  444. 

,  hornbleude  schist  of,  478. 

Shrewsbury,  coal  deposit  near,  324. 
Sicily,  Flume  Salso  in,  191. 

,  inland  cliffs  in,  74. 

— ,  newer  pliocene  strata  of,  150. 

,  terraces  of  denudation  in,  75. 

Sidlaw  Hills,  trap  of  old  red  sandstone,  434. 

Siebengebirge,  igneous  rocks  of,  417. 

Sienna,  formations  at,  167. 

Sigillaria,  314.  318. 

Siliceous  limestone  defined,  12. 

rocks  defined,  II. 

Silliman,  Prof.,  cited,  450. 
Silurian,  name  explained,  350. 
— '  period,  plutonic  rocks  of,  457. 
— —  rocks,  table  of,  351 . 
— —  strata,  mineral  character  of,  360. 
—  strata  of  United  States,  359. 
<— —  strata,  thickness  of,  358. 

volcanic  rocks,  434. 

Simpson,  Mr.,  on  ice  islands,  129. 

Sivatherlum  described,  173. 

Skapter  Jokul,  eruption  of,  399. 

Skyc,  rocks  of,  3^.  456. 

.^— ,  basaltic  columns  In,  385. 

.i^-,  dikes  in  Isle  of.  380. 

— — ,  sandstone  in,  36. 

Slaty  cleavage,  468. 

Slickensides,  term  defined.  61. 

Smith,  Mr.,  of  Jordan  Hill,  on  Pleistocene,  134. 

— ,  on  shells  near  Lisbon,  171. 

Suags,  fossil,  3'iO. 

Snakes'  eggs,  fossil  at  Tonna  near  Gotha,  120. 

Soleuhofcn,  lithographic  stone  of,  260. 

Solfatara,  decomposition  of  rocks  In  the,  477. 

Somma,  404. 

.— -,  lava  at,  380. 

Sop  with,  Mr.  T.,  models  by,  57. 

Sortino,  cave  in  valley  of,  154. 

South  Devon  and  Cornwall,  old  red  of,  845. 

South  Downs,  view  of,  245. 


Sowerby,  Mr.  G.,  cited,  162. 

Spatangus,  figure  of,  23. 

Spezia,  gulf  of,  calcareous  rocks  in,  482. 

Spitsbergen,  glaciers  of,  136. 

Sponges,  figures  of,  in  chalk.  213. 

Spongilla  of  Lamarck,  in  Tripoli,  25. 

Springs,  mineral.    Ste  Mineral  Springs,  490. 

Staffa,  t>ataltic  columns  in,  385. 

Steno  on  classification  of  rocks,  90. 

Stigmaria,  310.  315. 

in  fossil  forest.  Nova  Scotia,  322. 

Stirling  Castle,  rock  of,  altered  by  dike,  383. 

Stokes,  Mr.,  on  petrifaction, 

Stonesfield  slate,  266. 

Storton  Hill,  footprinU  at,  291. 

Strata,  term  defined,  2. 

,  arrangement  of,  determined  by  fossils,  21,  22. 

,  consolidation^of,  34. 

,  curved  and  vertical,  47.  58. 

-— .,  elevation  of,  above  the  sea,  44. 

,  fossiliferous,  tabular  view  of,  361. 

,  horlsontality  of,  1ft.  45. 

,  metamorphic  origin  of,  467. 

~— ,  mineral  composition  of,  10. 
—— ,  outcrop  of,  56. 

,  tertiary  classification  of,  134. 

Stratification,  forms  of,  13.  16.  47. 

— ,  unconformable,  59. 

Strickland,  Mr.,  on  new  red  sandstone,  290l 

Strike,  term  explained,  53. 

Stromboli,  lava  of,  450. 

Studer.  M.,  on  Swiss  Alps.  484. 

— -,  on  boulders  of  Jura,  143. 

Stutchbury,  Mr.,  cited,  306. 

Sub-Apeninne  strata,  105.  166. 

Subsidence  in  drift  period,  135. 

Suffolk  crag,  162. 

Sullivan,  Capt.,  chart  of  Falkland  Islands,  88. 

Superior,  Lake,  marl  in,  36. 

Superposition  of  aqueous  deposits,  96. 

,  of  volcanic  rocks,  test  of  age,  397. 

Supracretaceous,  term  explained,  103. 

Sussex  marble,  22b. 

Swansea,  coal  measures  near,  309. 

— ,  valley  stems  of  SigiUaria,  317. 

Sydney  coal  field.  Cape  Breton,  324. 

Syenite,  440. 

Syenitic  granite,  44a  . 

~-^,  greenstone,  372. 

Synclinal  line,  term  defined,  48. 


T. 


Table  Mountain,  strata  horizontal,  45. 

Mountain,  granite  veins  in,  443. 

Talcose  granite,  440. 

Tartaret,  Puy  de.  cone  of,  425. 

Teeth  of  fossil  mammalia,  figures  of,  160. 

Teredina,  fossil  wood  bored  by,  84> 

Teredo  navalis  boring  wood,  23. 

Terra  del  Fuego,  139. 

,  Fuciu  gigantetu  in,  217. 

Tertiary,  term  explained,  104. 

— —  strata,  tabular  view  of,  362. 

Touralne,  faluns  of,  166w 

Trachyte.  372. 

— ,  of  Hungarj,  442, 

Trachytic  rocks  older  than  basalt,  400. 

Transition,  term  explained,  92. 

Trap,  term  explained,  366. 

— .,  dike  in  Fifeshire,  434. 

^— ,  globular  structure  of,  387. 

,  intrusion  of,  between  strata,  384. 

,  various  ages  of,  432.  434. 

passage  of  granite  Into,  441. 

in  Radnorshire,  436. 
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Trap,  rockt,  relation  to  lava,  387. 

rocks,  lithological  character  of,  400. 

in  Lower  Eifel,  420. 
Trappean  rocks,  91. 
Trap«tuir,  S74. 

Tertiary  deposiU,  171.  177, 178. 
Texas,  chalk  in,  285. 

Thames  valley,  freshwater  deposits  In,  146. 
Thecodont  Saurlans,  806. 
Thirria,  M.,  on  oolitic  group  In  France,  283. 
Thurmann,  M.,  cited,  55.  253.  2G6. 
Tk*Oa  oeddentaUi  in  stomach  of  mastodon,  138. 
Till,  term  explained,  131. 

,  origin  ot,  123. 

Tilestone,  351. 

Tllgate  Forest,  remains  in,  229. 

Tin,  veins  of.  in  Cornwall,  490.  498. 

Tiverton  trap,  porphyry  near,  432. 

Travertin,  how  deposited,  34, 

Tree  ferns  in  Permian  formation,  307. 

Trias,  or  new  red  sandstone,  286.  289. 

— ',  In  Cheshire  and  Lancashire,  290.  295. 

Trllobite  in  Devonian  strata,  348. 

Trilobites  of  Lower  Silurian.  357. 

Trimmer,  Mr.,  on  sand  galls,  82. 

,  on  shells  in  drift  near  Menai  Straits,  130. 

Trlpc^  composed  of  Inftisoria,  24. 

TaflT,  volcanic,  and  trap,  6b  374. 

TuA  on  Wrekin  and  Caer  Caradoc,  434. 

Tuomey.  Mr.,  cited,  208. 

Turner,  Dr.,  cited,  41,  42. 

Tuscany,  volcanic  rocks  of,  408. 

Tynedale  fault,  64. 

Tynemouth  Cliff,  limestone  at,  302. 

U. 

Uddevalla,  shells  of,   compared  with   those  near 

Naples,  108. 
Underlying,  term  applied  to  granite,  8. 
United  States,  coal-field  of,  326. 

,  cretaceous  formation  in,  224. 

,  Devonian  straU  in,  349. 

_— ,  Eocene  strata  in,  306. 

,  oldnr  Pliocene  and  Miocene  formations  In,  171. 

.^,  oolite  and  lias  of,  284. 
....  Silurian  straU  of,  859. 
Upsala,  StraU  containing  Baltic  shells  near,  124. 


V. 


Val  dl  Noto,  compoeition  of,  407. 
_,  igneous  rocks  of,  389. 

,  inland  cliiA  in.  76. 

Valleys,  origin  of.  70. 

^~-^  transverse  of  Weald,  244. 

Valorsine  granite,  445. 

Veins,  mineral.    See  Mineral  Veins,  488. 

Veinstones  in  paiallel  layers,  493. 

Velay,  volcanos  of,  428. 

Venets,  M.,  on  Alpine  glaciers,  140. 

Vemeuil,  M.  de,  on  Devonian  flora,  350. 

-— ,  on  horisontal  strata  in  Russia,  124. 

— ,  on  the  old  red  sandstone  in  Russia,  848. 

— .,  on  Peniamerut  Knigktiit  353. 

— — ,  on  Permian  flora.  305. 

Vefeuvius,  eruption  of,  405. 

Vicensa,  basaltic  columns  near,  386. 

Vidal,  Capt.,  survey  by,  393. 


Virginia,  U.  8.,  fossil  shelli  in,  ITS. 

Virlet,  M.,  on  corrosion  of  rocka  1^  gaiei,  477. 

,  on  geology  of  Morea,  431. 

— ~,  on  inland  cWlh,  73. 

Volcanic  mountains,  form  of,  &.  890. 

dikes,  378. 

Volcanic  rocks,  age  of,  897. 

.  described,  6l  385. 

,  analysis  of  minerals  In,  877. 

— — ,  Cambrian.  435. 

—— ,  composition  and  nomenclature,  868. 

,  of  Hungary,  421 . 

,  post-pliocene  period,  401. 

,  test  of  age  of,  400. 

— ,  Silurian,  434. 
Volcanic  tuff.  374. 
Volcanos  of  Auvergne.  422. 

,  extinct,  408.  420.  422. 

.1^,  newer,  of  Eifel,  418. 
..— ,  in  Spain,  age  of,  414. 

round  Olot  in  Catalonia,  410. 

Von  Buch,  Baron,  cited,  373.  456,  457. 

,  on  boulders  of  Jura.  143. 

,  on  Canary  Islands,  392. 

,  on  Cystidse,  358. 

,  on  land  rising,  45. 

Von  Decken,  M.,  on  granite  veins  in  Cornwall,  445. 

Oeynhausen,  M.,  cited,  415. 

Waller  quoted,  93. 

Warren,  Dr.  J.  C,  on  skeleton  of  MatiodM  gi* 
gtmteust  138. 

Waterhouse.  Mr.,  cited,  188.  269. 

Watt,  Mr.  G.,  experiments  on  fused  rocks,  406.  475. 

Weaid  clay,  227. 

Weald  valley,  denuded  at  what  period,  254. 

Wealden.  term  explained,  225, 22& 

.—— ,  the  fracture  and  upheaval  of,  251 . 

,  extent  of  formation,  886. 

period,  changes  during,  235. 

Wealden,  plants  and  animals  of,  889.  836. 

Webster,  Mr.  T.,  cited,  105.  881.  888. 

Wellington  Valley,  caves  In,  156. 

Wener  Lake,  horisontal  Silurian  straU  of,  45. 

Wenlock  formation,  854. 

Werner  on  classification  of  rocks,  90. 

on  mineral  veins,  488. 

m.~~-  on  volcanic  rocks,  309. 

Westerwald,  igneous  rocks  of,  417. 

Westwood,  Mr.,  on  beetles  in  lias,  288. 

Whin-Sill,  intrusion  of  trap  between  strata,  384. 

White  chalk,  211. 

White  mountains,  granite  vein  in,  490. 

W^igham,  Mr.,  on  fossils  near  Norwich,  149. 

Wolverhampton,  fossil  forest  near,  819. 

Wood,  Mr.  Searles,  on  fossils  of  crag,  162. 

,  on  fossils  of  Isle  of  Wight,  198. 

_,  on  numl>er  of  shells  in  crag,  149. 

,  on  cetacoa  of  crag,  166. 

,  cited,  170. 177. 

Woodward,  Mr.,  on  mammoth  bones,  Norfolk,  147. 

Wrekin,  trap  of,  70. 

Wyman,  Dr.,  cited,  208. 
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Zamia,  at  Lyme  Regis,  282. 
Zamia  tpiralis^  figure  of,  238. 
Zechstein,  806. 
Zenglodom  cetoidett  figure  of,  807. 
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